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BEST AVAILABLE COPY 



1. 5^ 



[ C n Hi, R III 

nUmSc-C^D. L«0. 1 n J:0/^$V^IB:•Cfet). ml40. 5nJ:0/h$V> 

SO3H. COOH, NH2. OH, R' CHOH, CHO, CN, COCl, xn 
K, COSH, SH, COOR* . SR* , S i R' 3, 



Si-f~0R'-^yR'3-y, Si~(~0-SiR' 2^0 R' , R" . L i, 

AIR* 2, Hg-X, TlZaMg-X, 
2. ^ 



[C n H L ~3~ Roi 
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SO3H, COOH, NH2, OH, R' CHOH, CHO, CN, COC 1 , 
K, COSH, SH, COOR' , SR* , S i R' 3, 



S i-^ OR'-^,R' 3-y . S i O-S i 2^0R' , R" . L i , 

AIR' 2, Hg-X, T 1 Z^^XXme-X, 

ZW:;;??^^/}?:^'^!^— h^fct^ h y :7/W::a-n r-tr-r— h-Cfc-SD 
3. ^ 



[ C n Hi. ~3~ R Bi 

SO3H, COOH, NHg, OH, R* CHOH, CHO, CN, COC 1 , >'> 
K, COSH. SH, COOR* , SR' , S i R' 3, 



Si-f- OR'-^.R' 3 Si-^-O-SiR' 2^0 R' , R' , L i , 

AIR* 2. Hg-X, T 1 Zg^Sctt/Mg-X. 
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4. ^ 



[C„ Hl+R„ 

R C0# >!r -C o r t> J: V > o T V t> i: < > 

SO3H, COOH, NHg. OH. R* CHOH, CHO. CN. COCl, 
7^ h\ COSH, SH, COOR* , SR', S i R' 3, 



S i ^ OR'->.R' 3-, , S i 0-S i R' 2^ OR' . R' . L i, 

AIR* 2. Hg-X, T 1 Zz^XX^Ms-X, 
^LT. R<D^>^r^5®^^-&^&^^$>-5:^^c:tiCOOH;&S#^£L/^V^;l^:<S^^ 
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5. ^ 

[Cn H,.+ R. 

SO3H, COOH. NH2, OH, R' CHOH, CHO, CN, COCl, ^^ 
7^ K, COSH, SH, COOR' , SR* , S i R' 3, 



S OR'-^,R' 3-. . S i -^O-S i R' 2^0R' . R' , L i. 

AIR* 2» Hg-X, T 1 Z2*5j;tmg-X. 

yi^3^r<r>m^xh^. 

^b-C. R^O«->!r^sg|fe3R$WS•e*)^^i^^;lW:COOH;^5#^EL/^V^;l^S^* 
6. ^ 



[ C n Hi. R n 
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SO3H, COOH, NH2, OH, R' CHOH, CHO, CN, COC 1 , /> 
K. COSH, SH. COOR* , SR* , S i R' 3, 



S i-e OR'->.R' 3-, . S i -e-O-S i 2^0R' , R" , L i, 

AIR* 2' Hg-X, T 1 Z2*5<J:t^Mg-X, 

xfiA^-r K-efc >9\ - - - 

^ UT. R(D#>ar dS^^-^=fi-S-Cfce*i^JcHCOOH;65#«Eb/j:V>C t S:* 
7. ^ 



[Cn Hl+A„ 



0 0 0 0 0 

II II II II II 

OY. NHY, C-OY, C-NR' Y, C-SY, C-Y. -CR' j-OY, N=Y, -NHCY ^tz\t 



C=Y, 
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Ya. ^>y<^m. -<^^h\ r^/S5. mm^ ^^i^yt^h\ :;tv=f 

R* -OH, R' -N (R' ) 2, R' SH, R' CHO, R* CN, R' X, 



(R' ) 3 X- , R' S i . . R' S i OR' ">-vR' a-y . 
R' S i 0-S i R' 2^0R' , R' -R', R' -N-CO, 
(C2 H4 0>wH, -(r Ca H« O^.H, Ce Hi O ) .-R' , 

(CgHsO^-R' . R' , 




8. Ad5 



CNR' Y COY, 

R* ;6SH-c^«:>. ^ur 
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9. ^ 



[C« Hl-3-A. 



OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' e-OY. N=Y, -NHCY t.tz\t 

c=Y, 

YIt. >5^>'>'^i5^g, -<>^^K. r^/^. a^^. taftc, U^J-^ Ks isr') ^ 
R' -OH, R' -N (R' ) 2. R' SH, R* CHO. R' CN, R* X, 



(R' ) 3 X- , R' S i R' 3 , R' S i OR' ^yR' 3-, . 
R' S i -e- O-S i R' z^OR' . R' -R' , R' -N-CO. 
(Ca H4 OwH, -(r He O^wH. -t- Cs H4 O ) w-R' . 



0 



0 



(C3 He O )w -R' , *5J;Cf R' -N I 




O 
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ZW:;^?/^^^^/^— h*;fe« h y >^/V;<fn r-^T^- h-CfcD. ^ UT 
10. Ad5 



R' *5H-Cfo!9. ^U-C 

11. ^ 



n filP|S:T?$> 0 . LttO. 1 n J:0/h$V>»C-C3t>t). mttO. 5nJ;l:)/^$V^ 



OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' 2-OY, N=Y. -NHCY ^tzit 

C=Y, 




CCn Hl^A 



0 

II 



0 

II 
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Ytt. ^l^y^^n. ^T'^K. r^/m. mm. ta«c. ^^u:t^h\ :!tV =^ 
R' -OH, R* -N (R* ) 2» SH, R' CHO, R' CN, R' X, 



R' N' (R' ) . X • R' S i R' n , R' S i OR' ^.R' . , . 

R' S i -f- 0-S iR' t^OR' , R' -R' . R' -N-CO. 

(Cz H4 O^wH, C3 Ha C2 H4 O ) w-R' , 

CCaHeOl^-R' . R' - - - _ _ _ _ . _ . . 



w 1 <t 19 < ;d^o 2 0 0 <t 0 /J>$ v>M»:-Cfo5) 
12. A;&5 



*Jj:Cf R' -N 




O O 
II ^ II 
CNR' Y ^fzlt COY, 



R' dSHTfc'P, ^UT 




m^m 1 1 (D^^^o 

13. ^ 



[Co Ht^ [R' -A ] 



AW: 



OY, NHY, C-OY. C-NR' Y, C-SY. C-Y, -CR' 2-OY, N=Y, -NHCY tfzlt 

C=Y. 

Y\t. ^i^y<^m. ^y^h\ r^ym. mm. etf*. y^v^ 

R' -OH, R' -N (R* ) 2. R' SH, R* CHO, R' CN, R* X, 



R' CR' ) 3 X . R' S i R' » , R' S i OR' ^,R' a-, . 
R' S i 0-S i R' ^-^-OR' . R' -R' , R' -N-CO, 
(Ca H* O^wH, Ca H« O-^wH. C2 H4 O ) w-R' , 



(CgHeO^-R' . R' , 



0 



0 
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*JJ;C; R' I 




14. Af^^ 



15. 



o o 

II II 

CNR' Y ttzU COY. 



[C„ Hk+ [R' -a ]™ 
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0 

II 



0 

II 



0 



0 

II 



0 

It 



OY, NHY, C-OY, C-NR' Y. C-SY, C-Y, -CR' ^-OY, N=Y, -NHCY 
o=Y, 

R* -OH, R-NR' 2. R' SH, R* CHO, R' CN, R* X, 



R' N' (R' ) 3 X , R' S i R' 3 • R' S i OR' ->-.R' 3 , , 
R' S i -f" 0-S i R' z^OR' . R' -R', R' -N-CO, 
(Ca H4 OwH, -e- Cs He O^vH, C« H4 O ) w-R' , 



(C3H60)^-R* , R' . 



wtt 1 J: 15 ;>c# < d^o 2 0 0 J: 19 /h$ v^S|g:•e*>S) 




O 
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16. AJb^ 

o o 

II II 

CNR' Y ttzii COY, 

17. ^ 



[C„ Hl^ [R'""A Jm 



0 0 0 0 0 

II II II II II 

OY, NHY. C-OY, C-NR' Y, C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY ttzlt 

c=Y, 

R* -OH, R' -N (R* ) 2. R' SH, R* CHO. R* CN, R* X, 
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R' (R' ) 3 X- . R' S iR' n . R' S i OR' -^,R' 3. 
R' S i 0-S i R' 2^0R' , R' -R' , R' -N-CO, 
(Ca H4 O^wH. Ca Hfi O^.H, C2 H4 O ) w"R' . 

(C3HeO),-R' , R' 



*?J:C/ R' -N 




18. ^ 



0 0 0 0 0 

II n II II II 

OY, NHY, C-OY, C-NR' Y, C-SY, C-Y. -CR' a-OY, N=Y. -NHCY ^fcti 

o=Y, 
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vn. ^:/^K. r^y^> mm. St*, 

R' -OH, R' -N (R* ) 2. R' SH. R* CHO, R' CN, R' X, 



R' (R' ) . X- • R' S i R' 3 • R' S i -e- OR' ->.R' a v . 
R' S i -e- 0-S iR' .4-OR' , R' -R' , R' -N-CO. 
(Ca H4 O-^wH. -(r Cs He O^wH. C2 H4 O ) .-R' , 

CC3HeO)^-R^^ R' - _ 




19. 



[C„ Hl^ [X' -Aa ] „ 
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0 0 0 0 0 

II II I! II II 

OY, NHY, C-OY. C-NR' Y, C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY l^tzii 

e=Yr - - - _ 

R* -OH, R' -N (R' ) 2. R' SH, R' CHO, R' CN, R' X, 



R' (R* ) . X , R' S iR' 3 . R' S i -e OR' ^.R' 3 > . 
R' S i 0-S i R' 2^0R' , R' -R' . R' -N-CO, 
(C2 O^wH, C3 H. O-^-wH, H4 O ) w-R' , 

(C3H60),-R' , R' 



feJ:Cf R' -N 
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20. ^ 



CC„ Hl-3- [X' -A. ] ni 



0 0 0 0 0 

II n II II II 

OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' 2-OY. N=Y, -NHCY tt^U 



R* -OH, R' -N (R' ) 2. R* SH, R' CHO, R' CN, R* X, 



R' (R' ) 3 X . R' S i R' 3 • R' S i OR' ->,R' a , • 
R' S i 0-S i R' 2^0R' , R' -R' • R' -N-CO, 
(C2 H4 O^wH. -(r Ca He O-^wH. Cz H4 O ) w-R' . 

(C3HeO)^-R' , R- 
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w 1 J; 0 :/c t < ?J>^o 2 0 0 J: t) /J> $ V ^lE^-C S ) 
21. 5*; 



R* J^tK^. T/i^^^/K ry— /K tiTJi^^/K Ty/u^/U. i^^^tiTV 
— /K *fcl^^y (T/V-^/l-^— "CfctJs 



[Cn Hu^CH (R' ) OH ]™ 
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^ [c« HL+-hCH (R' ) OH ]„ ^m't?>mJkit^nfz^y^a.-zr^^ 

23. ^ 



OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' ^-OY, N=Y, -NHCY tt^ii 
c=Y. 

R' -OH, R' -N (R* ) 2. R* SH, R* CHO, R* CN, R* X, 
R* S i R* 3R* -N**" (R* ) gX". R* -R" , R* -N-CO, 



CC2 H4 0->-wH, -f Ca Hb O^wH. -f C2 O ). -R' , 



[Cn Hl+A„ 



0 



0 



0 

(I 



(C5 He O )w -R' , R' iS^U R' -N I 
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SO3H, COOH, NHg, OH, CH (R* ) OH, CHO, CN, 
COCl. ^^^>r K, COSH. SH, COOR' , SR* , 



S i R' 3 , S i OR' -^yR' 3 v . 

S i O-S i R' , R' . Li, A 1 R' z , Hg-X, 

T 1 Z2*5j;0!Mg-X. 

(b) gfiit^y^jL-y cc, Hl+r™ t{i^f£< t^--^(Dmwmmt^. 

24. ^ 



[Cn Hl^-A. 
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0 0 0 0 0 

II II II II 11 

OY, NHY. C-OY, C-NR' Y, C-SY, C-Y, -CR' 3-OY, N=Y, -NHCY *fc{i 

C=Y, 

R' -OH, R' -N (R* ) 2» R' SH. R' CHO, R* CN, R' X, 
R' S i R' 3, R' -N* (R' ) 3X", R' -R" , R' -N-CO. 



(C2 H4 0->-wH. -f Ca He 04-wH/ -f C2 H4 O )w -R' . 



(C3 He O ). ~R' . R' fcckc;' R' -N 



1 J: 9 < *^o2 0 0 J: •? /h$ v^ffi[»■r?^>^] 



Ca) &mmt'}>^^<t\y—:>o^MwmMt^. ^ [c„ Hu+R™ cs; 

RO^^f* 

SO3H, COOH, NH2, OH, CH (R* ) OH, CHO, CN, 
COCl, K, COSH, SH, COOR' , SR* , 
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S i R' 3 . S i OR' ^,R' 3-y . 

S i-^ O-S i R' 2^0R' . R" , Li, A 1 R' g , Hg-X, 



25. ^ 



nliSSc-C&O. LfiO. 1 n iO/h^V^Sc-Cfe*). mtlO. 5nJ:0/^$V^ 



OY, NHY, C-OY» C-NR' C-SY. C-Y, -CR' 2-OY. N=Y, -NHCY tfzli 

C=Y. 

Yf*, ^y^^h*. r^ym. mm. etwc, :tv=f^^i^:t^h\ 

R' -OH, R* -N (R' ) 2. R' SH, R' CHO. R* CN, R* X, 



R' S i R' 3, R' -N* (R' ) 3X- R' -R" , R' -N-CO, 



[Cn H,.^-A„ 



0 

II 



0 

II 
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wl:i 1 J; :^ t < 2 0 0 9^^^^^ 



SO3H, COOH, NH2, OH, CH (R' ) OH. CHO, CN, 
COCl, xN7>r K, COSH. SH, COOR' , SR' . 



S i R' 3 , S i OR' ^xR' 3-. , 

S i -f- O-S i R' .^OR' . R" , Li. A 1 R' 2 , Hg~X, 



(C3 He O -R' . R' fectCf R' -N I 




26. ^ 
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[C« Hl+A. 



0 0 0 0 0 

II y II II II ^ 

OY, NHY, C-OY, C-NR' Y, C-SY. C-Y, -CR' z-OY, N=Y, -NHCY tt^li 

G=Y. - - - . _ _ 

Yii. ^>^y<^m. ^y^^h\ r^ym. mm^ 

R* -OH, R* -N (R' ) 2, SH, R' CHO, R' CN. R' X, 

R' S i R' 3. R' -N* (R' ) gX", R* -R" . R* -N-CO. 




(C2 H4 O^wH, -f Cs He O^wH, -fC2 H4 O )w -R' • 



(C3 He O )v -R' . R' *5J;Cf R' -N 



wtt 1 J: 0 :^ t < ;^^o 2 o 0 i: !3 /h$ v^lEft-CfeS) 
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SO3H, COOH, NH2, OH, CH (R' ) OH, CHO, CN, COCl 
, /N^^ K, COSH, SH, COOR' , SR' , S i R' 3, 



S i-^ OR'^.R' 3-. . S i 0-S i R' 2-^OR' . R" , L i. 

AIR* 2» Hg-X, T 1 Zz^XX^M^-X, 
27. ^ 



n (iiH^-Cfc ?) . LfiO. 1 nJ:9/h$V^jgcT?3bO. mfiO. 5nJ:?)/J^$V^ 



0 0 0 0 0 

II H II II II 

OY, NHY, C-OY, C-NR' Y. C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY ttzli 

C=Y, 

Yf*. ^>^y<i^W. ^>^^K> r^yWt. mm. gtfls. 

R' -OH, R* -N (R* ) 2. R' SH, R' CHO, R' CN, R* X, 
R' S IR' 3, R' -N* (R* ) 3X', R* -R" , R* -N-CO, 



(Ca H4 O^wH. -eC. Hs -f C2 H4 O )w -R' . 
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(Ca He O )w -R' . R' fcctc; R' -N 




SO3H. COOH, NH2, OH, CH (R' ) OH, CHO, CN, COG 1 
, K, COSH, SH, COOR' , SR' , S i R* 3, 



S i-^ OR'^xR' 3-y , S i i R' a4-OR' . R' . L i. 

AIR* 2, Hg-X. T 1 Z2*5<tU?Mg-X, 
28. ^ 



[Co Hl-3-A„ 
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• 




0 

I! 



0 
II 



0 

II 



0 

II 



OY, NHY, C-OY, C-NR' Y. C-SY, C-Y, -CR' ^-OY, N=Y. -NHCY ttzii 

C=Y, 

R* -OH, R' -N (R' ) 2. R' SH, R' CHO. R' CN. R* X, 
R' S i R* 3, R' -N* (R* ) gX", R* -R" . R* -N-CO, 



CC2 H. O^wH. ^ Ci He O^wH/ -^C2 H4 O )w -R' . 



[Cn H,. + A„ ^^^^'gt6{t$n/:::^y^^-^^^/at'50!C+^«^fe^ 

SO3H, COOH, NH2, OH, CH (R' ) OH, CHO, CN, COC 1 
, K, COSH, SH, COOR' , SR* , S i R' 3. 



(C3 Hb O )w -R' , R' *5j;0f R' 
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Si^OR'^.R'n.. Si-^O-SiR' 2^0R' . R" . L i . 

AIR* 2» Hg-X, T 1 Z2*5j;OfMg-X. 
29. ^ 



[C„ Ht^ [R' -A ]« 
x^^^^^>f K*x?^ »3\ - - - 



0 0 0 0 0 

11 II II II II _ 

OY. NHY. C-OY. C-NR' Y, C-SY. C-Y. -CR' e-OY, N=Y, -NHCY tttlt 

C=Y, 

R* -OH, R' -NHg. R' SH, R' CHO, R* CN, R* X. 



R' S i R' 3 , R' -R' . R' -N-CO. (C2 
-f C. Ha O^wH, -eCz H4 O )w -R' , (C3 He O )w -R' , 




-29- 



iilJjnciSlli^. [Cn Hl^ [r' -a ^w^^tt6^b$n/;::^-y 

SO3H, COOH, NH2, OH, CH (R* ) OH, CHO, CN. COCl 
, y^y^ K, COSH, SH, COOR' , SR* , S i R* 3, 



S i-^ OR'^yR' a-, , S i 0-S i R' 2->-OR' . R' . L i 

AIR' 2» Hg-X, T I Z^^XXJ^Mg-X, 
30. ^ 



[Cn Ht^ [X' -R. ] m 

SO3H, COOH, NHg, OH, CH (R' ) OH, CHO, CN, COCl 
, ^>7^ K, COSH, SH, COOR' , SR' , S i R' 3, 



S i-^ OR'-)-yR' . S i O-S i R' 2-^-OR' • R" . L i. 

AIR* 2» Hg-X, T 1 Z2*5J:t/Mg-X, 



-30- 




s [c„ Ht-9- [X'. -Ra ] ^^^^'^mit^titz±y=f'^-y'^ 

31. ^ 



[C„ Hl^ [X' -A, ] «. 



0 0 0 0 0 

II II II II » 

OY, NHY, C-OY. C-NR' Y, C-SY, C-Y, -CR' ^~0Y, N-Y, -NHCY ttzit 

C=Y, 

Yt*. -<y^h\ r^ym. mm. :^V^^^i^:t^h\ 



R' -OH, R* -NHa. R' SH, R' CHO, R' CN, R' X, 



-31- 



m 




R' S i R' 3 , R' -R' . R' -N-CO. (C2 H4 O^wH. 
-eC3 He 0->-^H. -<rC2 H4 O )w -R' , (C3 O )w -R' , 



Xi^/v7>< K-Cfe O . . 



^m^^^s 5?; [C„ Hu4- [X' -R. ] « R©.#^« 

SO3H, COOH. NH2. OH. CHO, CN, COCl, >'^7>f K 
, COSH, SH, COOR* , SR' . S i R* 3. 



S i^OR' ^yR' 3 . . S i -^O-S i R' 2>0R' . R' . 

Li. AIR* 2» Hg-X, Tl Z2*5J:tmg-X, 



(b) W^^J^^-^ [C„ H.^[X' -R. ] ™ <!:{J>/cC<(bt.-oC7)iS 
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32. ^ 



[C„ Hl4- [X' -Aa ] . 



0 0 0 0 0 

II i II II II ^ 

OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' .-OY, N=Y, -NHCY ttzli 

C=Y, 

R* -OH, R* -NHg, R' SH, R* CHO, R* CN. R* X. 



R' S i R' 8 • R' -R' . R' -N-CO. (C2 H4 0>wH. 
-^C3 Hs O^wH, <-Cz Hi O )w -R' . (Ca Hs O )w -R' . 
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w« 1 J: 9 < ;6*o 2 0 0 J; 19 v>SEl*'C*>S] 



mt^. ^ ccn [X' -Aa ] . ^^-r^-^mit^ntzi- y ^^-y^ 

SO3H. COOH, NH2, OH, CHO, CN, COCl, K. CO 



SH. SH. COOR' . SR' . S i R' a . S i -f- OR'-)-; R' 3-y / 
S i O-S i R' OR' , R" » Li, AIR' 2 , Hg-X. T 1 

33. ^ 



o 

[C„ Hl^CNHR' NH2 ) « 

nlilE^-CfcO. Lt^iO. 1 nJ:l9/^^V^»-C*)t^. ^UTmJiO. 5 n J; 



*®J^^<h^>?^ci:< 1 43-oc7)iit?]ni:a^ch^. ^ [C„ Hl^COOH) « 



-34- 



o 
II 

[Cn Ht^CNHR' NHz ) „ 

34. ^ 



[C n Hl~3~ Rm 

SO3H, COOH, NHg, OH, CH (R' ) OH, CHO, CN, COG 1 
, y^y^ K, COSH, SH. COOR' , SR' , S i R' 3, 



S i-^ OR'-^yR' 3^. , S i -e-O-S i R' 2->-OR' . R' . L i. 

AIR' 2. Hg-X, T 1 Z2*5j:T^Mg-X, 

co>g*^ife ^ ^^i^-r ^ :*r T o T . 

-f LXSltAtt^r i:dS'T?$5'>/i< ^tj- 
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35. R^i)^-OHVh^. ^\^Xmmif^^h^iS^^J^P4 5 0mmX\^^/l^:t 

^i^^-- ^-cfcs. n^m3 4(o:^mo 

36. ^ 



[Cn Hl ^NH. ) . 
nnm^-Clhr). LWCO. 1 n J:!?/h$l^lS:'C$>t). ^bTmttO. 5 n J; 9 



38. ^Jtm^y^^i^r^^iy-ciSb^. fi*^3 7o:3^ffio 

39. SJ;£;{*:;65^:yy/w (II) ^ ^ u->T^>T (Th^-Th)) 
^J>.m) "tfzm, 4, 8. 11, 15, 18, 2 2, 2 S-y^^ ^Zfh^i^- 
29H. 3 1 H-:7^nv^r:=^:/*T?$>^. ff^^l 3 8 <Z5:^l£p 

42. ^^-m^=^y^/i^ (II) :7^n''>r:=i>'7^ (f^h^-^hy 
e^AilL) ^fcttl, 4, 8, 1 1. 1 5, 1 8, 2 2, 2 5 -3^^ tJ'::/ h'^->- 
2 9 H, 3 lH-7^D>'r^>"C3!>S. ff*^4 2<o^ffi*lft;^— TK^'-^y ^ 
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43. NHSzi^y^'r/V&^m^'t^^y'^^—':ft^>'^<^mt^. NHS3i>^ 

44. '^mit^nti^/^^-y^^t^mmo 
^4 scorns 

48. vmt>hnMi.i^^^^mt^:^mx^ox. 

X 

49. M^mmt^>^<^wx:h^. m^m4s<D:^mo 

53. ^-^Tb^sjm^xh^. m^^4 8<D:^mo 

54. 3!g-a^*W:^^^14ffiEf^ffl-efe$. tt*^4 80:^& 
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56. m^tmiSi»^mm^iffi.x'v:h^>^ n7km4s<o:^mo 



mri'^:^mx^^x. 

X 

o 
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:^m\^i 9 9 4^1 2.^ s ^\cmm^ti'fti¥immmmo ays 52, 40 0-^ 

^m^tix\i^^^9yr^ ^^4•:^/^cx-:/^^:H•f-S. RXJ^i>^i>>^'Smit^init 

y^:/V /Wd^SV ^ ttr (complex structure) {Cgl-f 

bt^ blf^lP^:^:<7— 2j^V:7r^^^^ (vapor grown carbon fiber) 

y^z/VM^. mmt^l. 0/zJ:f9/h$v\ ^Ef*L<rtO. 5/*J;f?/h$v\ 35 
(vermicular carbon deposit) "C^b^^o ^tl^\^S^Wj:MWiX^tE-t^t^. 

tmm^m%i^<o^mmmx<owA^m^mi.xmm^ti^o ^^d^-s^-^-^ 

y':^z^y h\^m^mmm,<r>m^i^^^^m,^^tix\^^^o -^^ 

^Cl-?.V^^S8C0^3^S.TJfSf3|S|•^i:. Baker and Harris, Chemistry and Physics of C 
arbon , Waker and Thrower ed. , Vol. 14, 1 9 7 8, p. 8 3 |C^V>fc*$tt. 
^iin^mmmm'Pi^^i^^Aivhtl^o ^ft. Rodriguez. N., J. Mater. Resea 
rch. V ol. 8, p. 3 2 3 3 (1 9 9 3) ^#fi^> ^tlh^mmmm'P\cm^Ath 

1 9 7 6¥IC, j&Mh (Obelin, A., and Endo, M. , J. of Crystal Growth, 



Vol. 32 (1976) . pp. 335-34 9#^. ^fin:^mmm^^\:im^ 
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^X. ^tVliiSaie>t-J:tVf^^5>^Wf1-«i/7:7r-r h (pyrolytically deposited 
graphite) <O^S-ettt>l:Ha^S$tt-C LT^ f»^»:^— ^''-=1- h^r^f-TS ^ 

So 

19 8 a^JCfi, 7^-:^^ h(Tennent)O^S«P?F^4. 6 6 3. 2 3 0-^ (C 

■:^>'h<D^e^ttJ:D/jN$v^Ii:S<o, f^^WJ-ttS 5 — 7 0 0:^>'^J5^ bt3— A ( 
0. 00 3 5 — 0. 0 7 0 /i) (^^'^ ^^U/VCOA^^T/ T^;^ U^i: 1 1 (asgrown 

^Vu^hV/v^ (PAN) Rrjif^y^. <Dm^M\^X^rm^^f^^o t^eoT> 
#(as made)j ail^(?5:3&— v:7 r-f ^7 h^tltJ^^^tffca. U 
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x-^vhco^g#frB4, 6 6 3, 2 3 o^'\cn. mm(Dm^:fy—^^>^w^ 

:J^?->^?i^:7^:/yy^^s|Btt$*^TV^5o itt^^. ^tihn. ^y^r^ h<om 

7^-:^^ hco^giKpffs^s, 1 7 1, 5 6 0-^ (:iifm:^mmmm^\^m^7<ti 
^ hmi:mi^mmy'<y'})yi^«i±<omms<o^m^y^':^vjumM<^fj:<th2 

y^^-yxjho. 'tiv\^'t(D c -m^^<^^^^^^Mi^xmwmcmm.x^^ 

-r^o zti^y^:^V/^\^^mm\c:is\^^xhm-\^m*L-t^^^o 

:^-^>y ^ ':fV /i^^»<D±^\z}S^^^-^fj:^nm\^. i 9 8 8^1^ 2 8 
Bmm<0:^^-f (Snyder) e>0^®1#fFtli®^ 1 4 9, 5 7 3-^. RXfl 9 
8 9^1>^ 2 8 HtHIPOPCTaiPUS 8 9X0 0 3 2 2-^ ( T;;?;— j}f>^:7 >f >^ 
y/Wj ) W08 9/0 7 1 6 3. ^lO^l 9 8 9^9^ 2 8 0 WJg<?5^-f (Moy) b 

<D7^m^nmmm4 13,83 7-^, ^o^i 9 9 0^9^ 2 7 Bmnic^pcTm 

^^us 9 0/0 5 4 9 8-^ { r:7-<:/y/i^'^(4c5.t/^cDjK&j ) wo9 1/ 
0 5 08 9. <Dig^(?5tt'jc^v>T/ir$tt-5, ;ittP>m>-fft'b:*:^§^^i^ciiSA 

1 9 9 2^5^ 2 2 BtHMcO^-r btO^S^^H^WIPB 0 7/8 8 7,30 7^ 
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/^dS|B«$tLT*5 9. ^r-e«. ^tlh\ftM(Om (bird nest) ( TBNj 

rv^-S ;Xn. mWmcmcnMmm^^\.m^^ (combed yam) ( rcYj ) 
(0^«rW-r-5ed>icftd5ofcXflfe cn:fc;??-7K>':7 ^ P yHc^T ursolic 

I^C:frrR)«C3^r;^rv>S ; r:^— ^^^^ h (open net) J ( TON J ) 

•7 ^ :fv McML.xMom,<:\cm^^tix\^^^M^t^t uT#«E-rso ^^--^^v- 
mwrnzmc^mm^i^^-r^) m^^^M'^m^i3^^xm^^ti^h(DX*) h 

(herringbone) ^14i^*5t^^o :itlb^y iy-> ^^^>' y 
>^!;/Ui:l5^-rSo ^T;^ (Geus) 0^®i|#|^^4. 8 5 5. 0 9 1^ (mf^ 

2|s:js?g;ftB§ttilcj|a;^AttP>ns) H> »^^«^^KWlw-&WU>S:v^:7>f s/ix 

OL— yfi;^m<D;^^T— ^-Cfife:^U^(Iijima. Nature 3 5 4 , 5 6, 1 9 9 1 

)o ^x\t.. :Lixhr—^f^^i-y^zi,-z^\^T'r:^h(Dmm^my>(yv/\^t 

PC?^«Sr*-f i:;5S-«^C5^tAtLb^^'CV^S (Weaver, Science 2 6 5 
1 9 94) o r-iJ'fig:^byh;^-3j?>^ -^/^^-:/>b^lS5^«::^^-Cfo6o 
1 9 8 9^5^ 3 1 B{cmm^tlit^ry:^—U- (McCarthy) e><^^@4^ffm 

ISIB3 5 1, 9 6 7-^ i::Ltilt:^mmmm^\cm.^Xtihti^) l^t*. 
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y^zf^) /KD^® ^^{b-r ^:^&;&5i2^$ tvrio ^ . y y yw<^^®^ 

7 -f :/ y /vtifl^i^tc J: 5 J: o T t>#^-«ll-®^{b $ tiJtp S^WiS P C T 
/US94/1016 8«cfi, 'irtgSojS'g^«bS:^*r-r5il<b:7.rr?^y/vo^^ 

^5|fl^^ttTV^So -^yt. M. S. Tj^l^y^^/^—K (Hoogenvaad) h (19 94 
j^jS^ (Metal Catalysts supported on a Novel Carbon Support)] ) y 

^W$tVfc^^^C^oV^T, '^:y:«7 — S^— ir^:^'7^>r' (McCarthy and Ben 
ding, Polymer Preprints ACS Div. of Polymer Chem. 3 0 ( 1 ) 4 2 0 (1 9 

9 0) ) . m^i>^m^^mit^iriitmib^bm^^titz:it^mm'r^t^ib\cmit 

^—:^>y^':fV/i^^ma^^<(Dm^^t>^^\^^ti^tix\^^^t)^. y^z/V/i-^c 
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(modified) y'^Zf])/^, ^m^^^ :i tXh^o 

m\zK^^x^ ^j^%mm(^\>-m'^x%^x. 0 \cmimi!i^^^wm<o'^mm\cx.ox 

^%m(omz.m(Dmmr^Bthyt. ^^(om^K. y^yv ^i^(omm tm^^ 
:^^m(7)mzm<D @ ^n'^mi\:,t^fhx\,^^y -< y y /}y^mtt \.^ti^W(^mM 

^lf:i:7'u— V y^yV/^y. :J^/)y7^^iy y^-f^y/K iSiitJ^PEG'C^filt 
$txfc:7 ^ :/ y /Hc*fr5> B s Af^^^coHk^^m-r^y yxh^. 
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0 3ltlS^Hr^^^ y^'/'^)fy^ i3yJ>rti(0'^^yi^^T)V:f%l/ (bovine ser 
um albumin) (B S A) (^^UlT'n :7 ^ — yU^^-fi/^ :7-efo^o 

las^y i^^^^Ov^>'Ky^— 't47-Y::^y/^ (dendrimeric fibril) SrSJsti" 

m 6 \imy^ n t^r ^ :/ y /KD, y n — fe/V-C<D^ffl HiiE'r s -9- 

y y^^>>;V9^^yj>.^^^^yy'r^^^, 
mi\%n^- ( t e r t -:?'h^V;;&y^3i<:=iyw) -L - y i^i^cof^^tc: J;oT 

S9»ir/w:3t7 yttJ}^;^:7ri^'— ^ (AP) h^-iSyi^V'ty^—^ (/3G) o 
^i.-^^Ti-e). APPa§S!j»tl|i>'-f :/yywSrftffiUr. AP*^«lb:tSfe;^^^-r 
-/7:7-efc^o - _ . 

Ell Ofi:i3G^fiii:7-f :/y/w$:ffiffi LTAP 0GOiS-^itfe»;5>b ^GSr5^ilU 



ICn Hl-+R« 

R t^l^—cfoo r V 

SO3H, COOH. NH2. OH, R* CHOH, CHO, ON, COCl, ^^ 
K, COSH. SH, COOR* , SR* , S i R* 3. 



S i-f- OR'^y R' 3-. , S i-^ O-S i R' 2^0R' 

AIR* 2. Hg-X, T 1 Z2*3<tO^Mg-X, 
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[ C D Hl^" Rm 

>«r W L /cC V > i: X R -^r S « C O O H 



[ C n HlH" Rm 

5 <t # V $ /E^it ^^fT S :7 5/ Vol t}?- :7 ^ :/ y /KO^ffij^^ 
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[ Cn Ht+[R' -R]- 

^^lixi^^UfS^ffico^^tCll-f'S^^lCOV^Tri. Urry, Elementary Equilibri 
um Chemistry of Carbon, Wiley, New York 1 9 8 9Sr#R^) « 
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[ C. Hl+ A« 



0 

II 



0 

II 



0 

II 



0 



OY, NHY, C-OY, C-NE'Y. C~SY, C-Y, -CB% -OY, N=Y, -NBCY *fc(i 

0=Y, 

vn. ^i^y<^m.. -<'f^v. r^ym. mm. mt^. 

R* -OH.-R- — NR* 2, R* SH, R' CHO, R' CN, RV X. 



R' (R' ) 3 X- • R' S i R' 3 . R' S OR'^. R' 3 , . 

R' Si-^O-SiR' 2^0R' , R' -R". R' -N-CO, 
(Ca H* 0->w H, <rCz He O^w-H, Hi O) w -R' . 



(CgHgO^-R* » 



o 



R' -N 
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[CnHL+[R'-R]« 
[CnHL+[R' - Aim 

>^f^ 5 J:'9:Actv>:g$/'ii:^lt^. 0. 5 m J:l9/h$v>, ^g^^L<tio. i a/ J: 



[C» Hl-MX - R. ], 
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• 



:7T-r h CD'S/- h^*-r <0-C$>-5^i: 355-;? 1 60 #*L<tt, 'TJ^zx.—f 

-J^^^^hy — (Cotton and Wilkinson, Advanced Organic Chemistry) <0 
7 6M(C|H^^nTV>:5il»9c^¥ffi:t^<0:^^^{k-^i^-CS>6o J: 15 iff* LV^^^ 



[C» Hl + [X - a. ]- 
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0. 5f^m'^m2 4mmx:h^o 



SiJ<Z>if*Ll^«{Cfc\.^T{i. it [Cu Hl-H-CH (R') OH ]« 

<Dm^l^mtRJt^^'^?>::it\zXoX^^^ti^o 
^^mi^^it. NHS^:^'rMz.X^X^m^f\^tz'ry'^=^-—^\c^:yy<:^W 
NH s ^ ><^<^n<or 5 y Si: ora«c#t*3ig^iSrJ^fi^-t-S - 1 
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^(D\zmm\.ti:^m\cxox^mm^hti^o t^ti^^mvmm(o^<omm<oiz^ 

dS-Ct^o ;6^/!>^5^li^Si|#W^5. 110, S 3 3^:}S^Xfm^^ff<^nwO 
9 3/1 9 8 4 4•^^C|Big$i^TV^-5o ^^mi/iS^b^PJt-OVNTC^iS^/^^^ 

t^-Sd^t^^tl/^^jrV^ 3iy<>^>P>f^(Ebbesen et al. , Nature 3 6 7 5 1 9 (1 
9 9 4) ) . 30**^S*&JH<^fc«><O^IlHSrJ^;t-CV>€>o 
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WJ:^^S^i^fc<^:5:^i^tt;lfBig$^^TV^^ : March. J.P. , Advanced organic Chem 
istry, 3rd Ed. , Wiley, New York 1 9 8 5; House, H. , Mordern 

Synthetic Reactions, 2nd Ed. , Benjamin/CuBmiings, Menlo Park, CA 19 7 2 

o 

-c^*-r S mmm.<r>mWL^ ^ ^mm^ (oi eum) ^r^^ U t ;^ v<t:-r -5 r 



-C-H + SO3 > -C-SOa H 

2 -C-H + SO3 > -C-SO2 -C- + Ha O 

mm(o^fh Id J: s c - HJS-g^co^l^^k 

SI<ibfcl><>'^«<7>'l3|::Atvfc ;#ffiffiP»ijS«i£»^'?:/9-h^!y:7^ (bubbler 
trap) ic^J^Ufc, S^£?§l:^(*:(cr/V.=/>'>£r2 0 5>^:7^:y>>aLUT^^^^P^ 
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H gM^'C9 ox:^^mvxm.mmmmm^mfto ;^>'^^>'^ (-SO3H) ^ 

<O0, 1 0 0N(DHCllCj;Sjfi*»3ttC<toT^i?>yhe 



cDtfcD7^yy/w;5^7y-«r:77:^='t-Atuytp msmmmm (2 0cc) srs/s 

mi 









ttwt. g 




V c 






SO3HM 
ueq/g 


lA 


118-6OA 




0.20 


CY 


110 


15 01 


9. 3Si 


0.50 


IB 


118-6IA 




0.20 


BN 


100 


30 ID 


8.5X 


0.31 


IC 


118-6IB 




0.20 


BN 


65 


15 m 


4. 2% 


0.45 


ID 


118-56A 




1.2 


CY 


50 


10 m 




0.33 


IE 


118-56B 




1,0 


CY 


25 


20 m 




0. 40 



no. 5 Imeq/g-Cfcoyt) o 311^ 6 0 A*5 J;05 6 1 AJ^t^/l-Ji^ V^fitCl J: 



2. mim%:'^^\^fj:\^^y^':^})/^mm-^<DHm 

'W^W,^mfi:<r>XW^mMt^tlX\f^^ ilirry, G. , Elementary Equilibriiim^C 
hemistry of Carbon, Wiley, New York 1 9 8 9p 

b \t,mWm t ^ y i^Wi:^(Dmm ^-^^-r S i^— V (hexagonal sheet) <OV^ 



^ivhmnmmt^nt:.:^i^y ^ >'i,cMi.x4¥m\zRft^^xh^o 
T J: f9 m^m&xmmj:^^ts,jt^ y^x^i^ti'smm^^x.^ ztt^x^^, ft 



1 0 0 0 

y^y'Vju-o > SfStt7>f yu;uM (RFS) 



CO + CO2 
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1 0 0 ot; 

RFS + CHs =CHCOX > y^y'V/^^-R' COX X = 

-OH, -C 1, -NH2 , ~H 

RFS + M7Kvl/-f>M > y^y^VJl^-R' (COOH)2 

RFS i/TJViy > :7>fyU;l/-CN 

RFS 4- CHa =CH-CH2 X > "7 >f -/U >^l/-R' CH2 X 

X = "NH2 . -OH, -^^pyy. 

RFS + H2 O > 7>fyu;i/=o C+y-f Ktt) 

RFS + CH9 =CHCHO > 7>f:/U/l/-R' CHO (T/I/t^ 

b Ki4) 

RFS + GHz =CH-"CN — - — > 'T^^'/UVW-R' CN 
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^m\^nT\zi^\'f^K)^.m>^n\^itmi^'^\^>(>m (man) -r^h^. ^ti 



0. 1 0 0N(?5Na OH<t:<DK*Si: 0. 1 0 ON(DHCl{c:<t-53Sfr»;^{;:iorW 

>^y/^0 3o^^:)^^|£|'^cov^T3%05pi^Sfl:a^^^;tfc« n-r h :7 

^W*^ttJe^X^2 : lC01t(^>CO^CO2;fc*lt«:«ltiiUfCo 

D-f/K r^j^y/i^r^K. r^PU'-r>'. «i7K'^w>'K, ry/vr^:x, ry 
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^J:ftWliJ^C0:S:i)tiC|B^$ixTV^5 : March, Advanced Organic Chemistry 
, 3rd ed. , p 5 4 5 « 

m-B- (C-M) ^±^-r^:itt^X^^o Mf^ilS, Li. Be, Mg, Al. 



1. Fibril (:7>fyy/U) -H-HR-LI > Fibril-Li +RH 



2. Fibril-H + A 1 R3 > Pibril-A 1 R2 + RH 

3. Fibril-H -f T1(TFA)3 > Fibril-TKTF A)« + 

HTFA 



T F A«: h y y/U:^u TizT— ho HT F A«: h y :7/U;d-og^^, 
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• 



4. Fibril-M + Oz > Fibril-OH + MO M= 

L i, Al 

Fibril-M + S > Fibril-SH + M* 

Fibril-M + X« > Fibril-X + MX X = 



ftk m 

Fibril-M + CHs ONHj • HC 1 >Fibril-NH2 



+ MOCH 



3 



Fibril-TKTF A)2 + NaOH > Fibril-OH 

M m 

Fibril-TKTF A)2 + NHa OH > Fibril-NHe 

+ HTFA 

Fibril-TI(TFA)2 + KCNtK^/K > Fibril-CN 

+ T 1 TF A + KTFA 

Fibrll-CN + H« > Fibril-CHa -NHz 

mmme 

ii^mit^intiy^zrv;v^^ WmmitX^tLmM^'if^i^tmc (Li Al H^^* 
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I^J|sf«rD ItK (flJi-r:?hV^K) ^-CiSSJcDO. 1 0 0 NOHClirS^&^iirO . 10 
0 NON a OH-Cp H 5. 0 (?:>»^*Tifi5tK3£-f S C b J:: J:oTai;^Ufeo 

:7 ^ y /W-Tl (T F A) ^(Dmt 

m.^r;i^:={i^\z. J: -SIS^ 19 L/^^-e^lc: J: oT;^f ^ nTv> 6 H T F A 



^'CO^TKg^^^^^tifk^?^ (0. 2 5 2M) <?: 8 Ot:-CS^£:$itrOHS$:g^^ 
,110. 1 00N(^NaOH-CpH7. ^(OH^M.^Xm'^^^^hX^^^Xm^ 
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^m^m ^ \.xmmm(Du&Rxj^ pH\ct>itox ^(Dmm(Dmm^xi>^^ 



-61- 




^si^zty >y{7\^^< K^-rS C i:;d5^f>n-Cv>^K^{t:$tL;fcjKy :7-r U i^^tL 

±t&(D^m m\c^m) ^m^ix^xy^tn^r^iy (pc) 

J^-^/l^b (II) >^^P->r::^>- 

VcDftt? D lcfl«|-et So '^rtvd*?^. Co**^3^V«:. (pendant) ^/I-tJ^^-S? 
^ Sr^t' S y W b r V ^ 5 ^ ^ ^-^t^ J; 5 /^K^i ^ iCKffii^ 

^v^off^ET-Cfi. c o (II) P c }itm^it^mcmit,^inxc o (III) P c »c 



2j^>'V':7^ y >-^ybli:7^ n ->r^V<Dn— 7^>r ^^^^S (loadingc apacityl 

ttt-y i^v-tfoco (II) ^^tt^y^^^A>^^Pvr=^>'-cttBtv^W-li^) 
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y^-:f])^l^^y})^M^\cm^ (t7— y^^i/ :/W>^i5^— (waring blender)) 
a— Hi^l 69-11-12.-1 4^t;!- 19-1 

y^h9:fJ/^^>M:^J^y^V> (T-feh >'*>?>) RtJC oy^ni^T^-l^ (tf 
tl^tl. HS^l 6 9-1 SRV'-l 9-2) o 



^agfiJNaOHOiSfrtS;£tCj;oTiBiJ^bfco 1 g ^ I? 1 . lOmeqO 

a— v*-<>'^^^:t. ^ttJiJj^/^:7 >f y V 1 g ^ 9 0 . 2 7 5nieqJC^U3&»oyt 

Q 
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p— -r -< 




meq/g 






! # 








g/g B m 


^ % 


lOA. 


169- 


•11 


TCAPorph 


19. 6ng 


Acet 


0. I8g/g 




na 


lOB 


169- 


12 


TCAPorph 


33. Sng 


H,0 


0.11 




na 


IOC 


169- 


■14 


DILlPhth 


119. Omg 


Acet 


0. 170 


Li 


na 


lOD 


169- 


•19-1 


CoPhth 


250.0ms 


Pyr 


0. 187 


Co 


0. 335(cal) 


lOE 


169- 


-18 


TCAPorph 


1. OOg 


Acet 


0.205 


s; 


1. 10(T) 


lOF 


169- 


-19-2 


CoPhth 


1. 40g 


Pyr 


0. 172 


Co 


0. 303 (cal) 



TCAP o r p ht^. ^ VyiJjVif^.'y^^^.fVy 4 y V-efcSo 

(c a 1) (i. ti-gCffl-CfoSo 
D i L i Ph t hWi. ^y^^>A:7^ni^r^V-Cfc6o 
CoPhthli, nyVH. (11) 7^0v'r:=^>'-Cfc5o 

(T) I*. |®:£-Cfe-5o 

:=i5'^/^ (II) :7^ni^T=i>'7^ h9;^/V'Jj?>'gfe<OK« 

J: o TttB^b $ ttfc 7 y /I- 
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1 ^ y y 5/ hyK7)dH2O(0tfC4. 2iiig(7>:/u— >^ ^^yy/ut^s-g-uyto 

:7>f i ^ y y h/^(^)d HgO-caiei, i ^ y y 5/ b/v-coMe oh-c 
3 [si. ^L-c 1 5 y y y byucoaiaCia-esiHi^^^Ls ^UTS^T-cftjftbyto 

bO^^ ^X2^) y V;V(DO. 0 5McD h y (Tris) (pH=8. 0)<D^\Z'^ 

^bTl^i:^|g®?^ff^T?0< o^O. 6mM01^— ^y (thermolysin 
) SFI«<D2 5 0-^^^ny 5/ h>rui:jS-&u;/to rcD«i-&^*^?a-e2^raiElte$ 
•?:bT4^-e— BfeW^bifco -^rtT/Ti^b. :7>r :^y/^<^ 1 ^ y y 5^ h/^c^ 2 5m 
MOhy;^ (pH=8) l?3lElj!fe#U. ^UT40mM<Dhy;^^ 1 OmM(^CaCl2^ 
^W-f-S p H 7 . 5 <r>tem^(o 2 5 ^ n y y ^/KO^f^^^:®^S$'fry^:o 

rt-es^ibfco ^y i^vi^iSSFAGLA .(N-_(3- [2-7y/^] 



-3 1 0M-^cm-^(D^R%%m^^^m%^^T^1^^'ti\:'^m^^^r^o ^(^ 
^^£:<?5y5:i?><^T2/-fe'<i^SJ^^t^pH7. 5(75, 4 0 mMCO h y ;^ , 1 OmM(DCaCl 
2*5J;TJ51. 7 5MONa C 1 -Clbofco SJSf± 1 ^ y y y h/VCOS^CO^'-C. 
S-^-r CI y y VjV(DV AGI^A:^ h y^n^ (dH2O4'<0 3 OroDMFOff' 
02 5. SmM) Sri ^ y y :y h/KDry-fe>ri^®i^tt'<0 1 0/zgCO1^— ^y v-^' 

/n g ^ <oi§<4-y— * y w<7?aii o . e i /i ^/w-e*>ofco 

^Ife^qi 2 

1, 4, 8. 11, 15, 18, 22, 2b'-':^^^ZfV^'i^ 
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-2 9H, 3 lH-y^ui^r:=^XDm,^ 
1 ^ y y y h/l^COCHClaOtt^-C. 3mg(0 1, 4, 8, 11, 15, 18, 22 

e 

1:1*0. 7 M-^t/^'Cfcofco 

:7 ^ u v^T=. v«»#::7 >r y /v-Srftffir 6 

i^— ^ y <D±.\cm^it^f\.xy^ ^ 5> :7 n ^ vK^^:.:^ < :/ y /vvx 

L 



-Z-Asp^22 OmMCOL-Ph e o M e ^^S^-TS r ^ t^UZoT^To^fco 
fifei^. Z-Asp-Phe oMefil|XfiSrjB!l5£-t-S;t4C)tCHPLC{Cj:oTgS« 

CO^{bJ:i||-t-5:S:Slt^ i^0t>c0^5^tf : R.N. smith, Quarterly 

Review 1 3 , 2 8 7 (1 9 5 9) ; M. J. D. Low, Chem. Rev. 6 0 , 2 6 7 (1 

9 6 0) o-m^. (^Pfe-y-'f ht>^^i-2>) mm^^fx.x'is/i^^^^ 
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mmmi 4 

b"CO. 1 0 0N<?5HC ncJ;o-CpH7. 5 <Z33»^;S*-Ca»«S-r -5 {C<fc o 



^ g 



Rec m, 

Bx. RUN # y^zr^)J\/ NaClOa cc H2SO4 NfFa^Ch) gfe;^ pH 
med/g 

llA 168-30 10.0 8.68 450 24 5.7 

10. 0 0. 78 

UB 168-36 12.0 13.9 600 24 5.9 

13. 7 0. 75 
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# 



cc 



COOH ESCA, atX 



Ex. nm m wtM &mv mra mmm^ meq/g c o 



12A KBN) 300 m 
P 



24 hr 



12B KBN) 300 15 MM 48 
P 

12C 20"(BN) 1.0 1 70 MM 7 
G 

12D 48(BN) 1.0 1 70 MM 7 
G 



0 <0. 1 98 2 

<5X <0. 1 ^itfr-tt-f 

25K " 6.8 '^«T-^-f 

20% 0. 9 ^*f-ti-r 



6. 7-f :/y/t^g>r^/'&te^b 



Fib Fib-NOz ■ F 1 b-NH» 
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(1. 6ml) tW^miO. Sml) (D^(Dy ^Cf])/}^ (7 0mg) <D}^nW^^ 
(0*0 (C, mWt (0. 4di1) S:»*PUfco r<OSlS«S-&i^SrO*C-Cl 5^«j$ 
U ^M-eMl-mraa^^bfco (0. 4 ml) i::^^^ (0. 4m) <Dm^ 

tK (3 ml) t:^mitT>^:=^^J>. (2 ml) <?:>»f :/y /K^ss^^^tr 

, o^-Ci^^;^>-^*^ h y (2 0 0mg) S:3lHiic^:)»:fT^x.;fco 

t:tc?&aJb. ^LTpHSrRR (pH4) t?@ifl5Uito ^ia-C-efe«cg Ufc«. 
^®i^^atigU. tK (XI 0) . (x5) -CftJ^U -^rUTK^IJ;* 

5/V^(horseraclish)^/^;t=^i/:^^— if$r;^ty:/y ^^^•^;^o ^ttJif^^. 



==-/W^Je^"Ct«>:it:d5*jegL;/ho ^ RCHgOH (^tf> RttTK^. T 



HRP 



H2 Oe +ABTS CMS) 



o + ^im m^) 
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3j<>-^/^^-:/$t3|sfSrefe?^b^iSlur. ^ -^y^^-^^-CH (r) oho 

^%Ml 7 

mmi.x^m^'^ito o. i 26g(7>BPo^^ia-c3!ni;t. ^urias^eot: 
;c±if, ■^bTii;trticoo. 1 2 8 goBPO^;[n]^yto 6 ot:-cMt-4 5 5>co^ 
tc. 0. 1 29 g(7)^^i^B pom^o^mv ^urm-^i^^a o^tcMica 0 5> 

2. 5m^^%<^^^^fi^^b. ^tvlCit-<T. BPOML-CMeOHCOtf'-CjS 

7^mt^>y-< ^^^^^ uto 

0. 1 g(0;^7— 0. 5gC0BPO<^:. lOgOT^y 
^U^^^ya— /W) 0 0 0) (PEG-1 0 0 0) igr^m-C^-tf 

-^iD-fr^o r<DjE'&'feSr9 0\:tc:Ap|»U'CPEGSrSEj»U ^ UT 9 ot:-t?SJ5S 

P E GO S *iSlcM.i:>(0&-5ttJ^^J!g'g^ $ it S C ^ {c J; o r HlcllFfS $ 
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mmmi 9 

JV<D^ pH7. 0<7>5 0iDMO«Sfe;<?y 5^ASSff»^tt5(DO. 1 mg/ml<^;^ h 

iCA:h/;feo I^ CjgW?R*l3iO»J^i/:jfiL^-r/^:::^^ X (B_S A) COO. 2mg/ml(75 

^ b-Cl 0 3 0 5/ ^ :^ b 3 0 ^P^-f >':aeaL^— h ufc 

— hSr^LVNl=(c:#L. ^ UT^ n (Micro) B C A:/n7'^ 5/-fe>r (l^T 
(Pierce) ) Sr^ffi UT^i?' ^^^n*^^ ®-&a{c:ov^T5^^ b^o ±S^<^^(-3^ 

o;fc, PEG^f^:7H' >^!)/^-CI:i^acoBS A;^5±m^co4'^c^oyc:*^ t^^HH 

ia^-fb^>-->/^ /w^fe^ \^xm&^ML p E G^fifti^ ^ >^ D fv\z,^^i^mm^^ 

mMmMxm\:. ^titiy^zfV iglSib-<>' /^^mm ur P e g j: o 



(Dfp(r>^-^^ hi/nyy :y (i3 LG) (DO, 2mg/inlCO^?^cO 1 0 0 

hG\'XNUS=^y^'r/v^<D/u— h^TM\.XPEG\cXoX^m^ti'ft:7 /U<D 
UTPEG(;iJ:oT»fit$*i/i7-<:/y>rptti. Omg/mi(OSt>ii5i^^>^-f :^y/> 

f^^nzflh:^ ^ Zf V 0 . 0 Img/ml^-C^bnTto 



Ho-R. Rr;ir/w^/K 
r^>'v^/K ry— /K 



09 



• 



C 1 — S i Rg Si R3— 

HO-R-OH. HO- 
Rt^T/V'^/K 
Ty/i-^/K CH2O- 
H2N-R-NH2 HgN- 
Rt:iT/W=^/K r 7/^=^/1^ 
X-R-Y. RfiT/V^/l^^; Y- 
Xf^OHXflNHg ; 



S i R* 3 

H2N-R 
Rtt±IEt::l^C 



R- 



:ii^l^>^i/y =2^-^^, PEG, 
2Xyaif^U'>'T^ >^ 

^iKyr^i^r:^ k. 



YfiSH. CNNC = 0> 



/U (GDI) H. A. iy':f<D:fjm (H.A. Staab, Angew. Chem 

> Internat. Edit., (1) 3 5 1 (1 9 6 2)) ; iS^XfT ^ h^i\:<Dfztb<D:iJ 

:r>>m^mBit-r^^^i^f^-^h^^i^:^^i^>^ ^ (nhs) ^ffi^-r-s 

T:y^—'Vl^h<r>-)j'^ (Anderson, et al. , J. Amer. Chem. Soc. , 8 6, 1 8 
3 9 (1 9 6 4)) ;6Sffi^$^Xfco 



%mm^ 0 



-74- 




UT^JSSrS 0t:-C4^MjSJBgU;fcp n-r/w=i-/v-c«. JixftJi;gft6«)-cfco 



1. R-COOH+ Im-CO- Im- — >R-CO- I m+H I in+C02 , 

H I % /W-e*>5o 



NaOEt 

2. R-CO- I m + R' OH > R- CO-OR' -hH I m 

x^3!y5(^c-cfc5o cOgO^^^t::. fb^Sffeficor^ v^^RT-cJODx. 

Tl'-2^KS;t>$'1^:fCo ^i;tr>Ji3^fi[6<3-CfcofCo JS:^£:«»COiSI9-Cfc^ : 



3. R-CO-Im + R' NH. > R- CO-NHR + H I m 



R-COOH + Cl-SiR' 3 > R-CO-SiR' 3 -i-HCI 

ttfelK^ LriP^S<Ot?T1f-l, 1, 1 -K'^'^^n:^-^r^>' (DABCO) Srfl6 



3!>*(OJ|ia'g-&Jc<torp</W;i7:7^^ ViCaSTci-Sr (March 
, J. P., p. 1 107) o ^tttt^fc. v?r/u=^/W3i— -r/i-ircoSjE&tciJco-CJx 
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Fibril-SOa H + R~0-R > Fibril-SOa OR + ROH 

N-b KP^i^;^^->W $ K 

i/'^^r^/^^i^^v^y^Srii briers ; */wjj?i^-r 5 ynm^^^rtvxwcm^ 



1. R-COOH + NHS+carbodimide > R-CONHS + 

t R-CONHS + R' NHj — — -> R-CO-MHR' 



v^^-^^^-f-^o >^ hi^:/hrtft?:/ (3^ti:r tr-i;^>') :7^:/i; y^vt^i^sj-^^^^fc 

(biotinylated substance) CDfci?><D@fr&^*:^|i#^i-Sp 
pH7. 1) -Cifej^U ^U-C±«i^«r»r;ft:o 2 0 0 /i Ko;^ h i^:/ hTb-i^ 



^mx5, smmmm^^ito y^-^^v/v^^imKDrmmmmxmm 

\c9c^\^ft: 5m<Dmm^hV (pH7. 1) . PBS (0. IMCOmW^T 

hV^J^. 0. ISMONaCK pH7. 4) . OR I GEN'^T ly^^mW 
m (IGEN, Inc., Gaithersburg, MD) j3«tt/P B So :^ h \yy^ hT }:fi^>y 4 ^ 
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2. 2 5ingONHS-3i^7^/w :7 ^ /PJ£r 5 0 0 /x 1<7> 5iiiM(Oj»ift-:^ 

y^':fV/i^^500ui<o5m<D^^'rhVt7M.^mm (pH?. 1) (D^-x^m 

^\.X2mg(DTtri^> (i^^*^. A-9 3 9 0) ^Sr-^^r S 1^ CJR 
y^WJlrlmK^SniMiOSIife-^ M; (pH7. 1) "^4111, ^UTPBS 

®?S (pH7. 1) 4»-Co< o^tl. 0 6iiiM(D h i; >^V>'^?e^<7>2 0 0 M 1 
. hPT^i^^' :7^:/y/V'<£rlmlc05inMC0^^-:M^i;r>i^j^^^ (pH7. 1) 

lljfeM2 2 

h y iT^v^'f^^ML-B APNA (N^-^vy^y'w-L-r/w=¥=^:/-p- 

. 02MC0CaCl2, pH8. 2XhofCo SJt^lil mlO^I*:<Dtf-e, 5/il<^L- 
BAPNA>^ bs/^^^^S (H20tt»<03 7%DMSO(D^^<05 OmM) tT^y^^ 



9 Smg) Xhofto 

mmm2 3 

mmm27 (TIE) iilf2«$^^TV^S<t 5JC3^^w>'^:^r:^vl;iJ;-5#^fil5(cJ: 
^xm^^titzTX/ :^—^>^y^^—-:/(C>f)<DO. ll2gSr. 50 

mMtDEDTA^-^^-rSpHS. 0(D0. 0 5 MCO^^-^- h y AJ^W^CO 2 0 
ml(DtplC$g^$ii:fCo ::cO!BI®i^^Sr>^7>^y>'(Branson)4 5 Ol7^y h >^n — 

(D2-^ ^/'f':t^'^m.m^^m:^. ^i.xmi^^^r/i^^>^rxmi(^^n\^ti: 
. j^®?Be-C2iHi. Di^K-eiiej. ^utssitKe t oH'^2iH]j^i^u. ^cot^r^ 

mrnxmrn^-^^ ^lto. 4 5um<o^4vi>m'(mmLxy:r./\^h^'^yh 

||jfe^2 4 

^?g(Tyv:7r/^— 1^/KAlfa/Aesar)) 2cmX 0. ScroSr. l^f|5<^3 0%ia 



a^{t:b/j:< /^5*"ClM<OiiE|^<OtpT-0. 35V vs. Ag/Ag C 1 1 

. 4 5V vs. Ag/Ag c 1 ^-eora-emmib^WJcsit^iirfcp ■ett;!*^?^. 

JB^.-<::^>';d^-e^feV^, ^L.-Cl£j»Lyto iz^^J:)f^4O<D0. 5cmX0. Bcm<D/h 

N (CN/SH) ^2>i"C0Au^, LT^lfe^co^cO^'iCl >t-<OA u ^ . 

o it36>bAut<:3|s|-S:St9Wb, E tOHT?3lelftt^U bTfeS 
ffi^ft (SEM) lJ:<to-C«iatUT^ffi±OCNOWilSrf8-<;fco 4 0, 00 0 

mmm2 5 

/V (6 2. 2mg) ^mm-^hV ^J>^mmm (5ml, pH7. 2T?5inM) (D^p-vm 

W^K;?«^/^) -y^u^^^:y-l-tf/l^:^^i^U—h (SMCC;2 8. 8 
mg. 0. 6 6^ y^/V: IfT;^. ftfcjKNo. 2 2 3 60) ^m:^fto rO^lSiS 

/VJ^-SMCC. 4- [p— ^Ix-r^ K:73:::^/W] iSiftJX ^ W 5 ^^/V [S 



MPB] . :x/UzJx-SMPB. m— ^U>r ^ K'O^i^/V-N-t Kn=^t^;^j5^i^ 
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W^K^;^7^/w [MBS] . j?;/p;ii>-MB s. :7 ^ :?^y ywii, mc:^m 
:7^:/y/wSri^fflUfc#^(cw::7>f p^y/n t) o. 8 7 5mg-c$>ofc« 

lljfe^2 6 

^fai^9^m^^'(^y^':fV/utit^A^&(DCD l ircoSJCSrCOatoiS^dSjh 
^y ri^yu (^jp46 p_q) J:j«4i¥i: W'Cojf^icoN t trioTgf^A^_ 
no o*c-eis:j»bfco 

:«;/W7K>'«?'C'irt^<k:$tL3t:7^::^y/v (i 7 7-04 1-1) 

±yM.:^hyy<^iservaa stopper) Uifei 1 0 OmKORBy y ^^(D^'V 

«4^b?^j:d5t>2 0iiil<O«l7Ki^^^1^>'<^4'tC, 0. 2 4 2 g<0. lll*BIJIi-C»<k 
$ttyb>^>fyy/V (0. 62ineq/'g) ^^^^-frTto 2 Gfi^^/P-i^flJcDN- 1: 

Kn^v^^ij^i^cx-f ^ K (0. 2 99 g) =km:tmm^'^tio :Lti{cm\f^x. 2 
K (EDAc) (0. 5iog) ^m^. ^x.xw^^'mM.xznmm.x.'nL. 
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#:^Hi-M e O H -x^m^ L . ^ UXSES^SrfiSffiT^&sas? $ tb/i < /dC 5 
tro /bo NHS -c^i4f b $ nfcift^b^ :/ y /wo»lx^fi[«^ 6 
<3v^r 1 0 o%-e&ofco 

1 OOMl(??^^u:^i^r^ V (en) SrlOmlOO. 2MC0N a HCOgCOJtt 

^i^cotfic^jp^fco ^^mcom^ (HOAc) ^m^xpH^8]5:<\zmnvit 
o «L<»4^u/i:d5^. NHS'^mmt^tiftmity-^y})/i- (o. aiog) 

Sr*D;t, ^LTl^raSl^^^^fco i^Mi<D3 0 0 fiKDe n t 3 0 0 fiKDHOA 
0:$>r^-c:?n];t;fco ^^S^SrO. 4 5 // ^/VT^^^M-cMi^bs NaH 
CO^mmm. 1%<0HC1. DI^K^^JlI/E tOH-CHtCt^^L^o 

f$:>\cxoxmmr^>\zmi^it (177-046-1)0 

«)tCESCAi£rtTo:fco 1 7 7-0 4 6-l<Z)ESCA5^W»iO. 9 0J[^^%<O 
N^r^Ufc (1 7 7-0 5 9) p $^tC, :i(7)N(OifttfcttcOfi;0^ T^-^i^zf 

^^S:;^?{-J:orK^f*:$r^fi^L7^o ESCA^^(t?^jr*5^2®ii»9O0. 9 1M 
^%c!:. 1. 6 8J!l^%OF^^Ufcp mi^O. 3 4J[^^%<ONd5r 5: / fb:7 

a-<:/Xr/l^t: K:^^^ «9 5o(7?F) o 0. 4 5 If ^%(DN<D l^^/Uf^#Nco 

N H s -eisH4{fc ^in1ty^':f') Mz, j: 5 n toRjc£;*> e> #f ^(ciK v ^m^^W^ u 

ESCAt^— i$';$^lblLttJ$tLyti*T^>'i: LTfrfiE-r5 0. 3 4i^^%<^N 

J; o r ^^^/^^S $ tx.r V ^ s co-cfo ^ 5 o 
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• 



Hlfe^a 8 

N - p< y >^ (7 5 8 /iU 7 ^ U ^/V) ^;!jPx.. r <^!^^i^^--P>0 

^COF^lClN-b o c-l, 6 -i^T^y^^^f-:^:^^^ (1. 9 4g, 7. 7 

^y-t/W) Sri^^nn^^i^ (lOmL) ^INONaOH (lOmL) (^WJC^J-IB 

✓-^y^^y— yWH"^-/ h^ilUTMilb. ^bTN-;^^y'^^yW5i^y V (7 5 8 /zL 
, 7 ^ y^/u) Sr^^fc, 

^ ir ^ i^P^II^Sr^ «9 . «JEEJi[il{c J: o T ^ :/ y )Vfi> ^^^^ 
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/VSrv^>5'nn7« /K tK. 0. IM KNaOH. RX/7l^xm\^f^ 

^/l^:t^i^y-if (HRP ; Smg. IfT;^) i:SJS;$-li:fCo :7 ^ y y < 

tvxh^^Tfi^^^^^^ft. 

mmm2 9 
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# 



s ft m T m 



BSCA ^ #T. H X 
C N 0 Si 



98,5 



1.5 



-COOH, C=0, C-OH 



92.4 



7.6 



H8N-C2H4-NHa -CONHCaHiNHa 



99. 10 0. 90 



-C0NHC2H4N=0C6E5 



97.41 0.91 



1-68 



mmms o 
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ESCA ^ Vr, m 



^> 



^ T g 



Si 



F 



CP3CH20H 



-COOCH2CF3 



NOT ANALYZED 



PolyEG-600 



-C0-(0C8H40-)H 



NOT ANALYZED 



H0-C2H4-SH 



-COOC2H4SH 



Cl-SiBta 



-COSlEta 



^^9^3 1 



1 0 Oral <D^ii£:7 7:5^ ^'(Otf't'l 0 g(^N, N-v?Ji^/V:ii^5'y— /wr ( 
8 5. 3^y^/U) ^lOmKOM^:^^ /-'^^hWL^\^1to 2 0g(O 

3!^{b^f^/v (1 2 7. SS^y^yv) i: 1 OmlCO^TK^^/— /l-COi!S'^i^^t" 

-exi^<>— t^-<^'f'e-Bfe«;fil$ii:fCo 3 3%iR^-c. {10. 3g. 3 

7. 7^ y^/W-) *5#f>ttlfeo 
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m 



v^7<^/w-r^ / tf y t^:/ (o. 3 i y^yw) 0 m1c^>^^ v>^n tr 

/W:???/^^!?-:^^ ^ K (0. 3 16^ y^/W) ^K^^^'^^TMZ.MTLtLo Z.iDBLl^.m 

v^K (0. 3 1 6nil) «r''^>rT/Wlc;!?Ox.. ^UT^ft^Sr-Bfe^TOifce 
^::/y/WS:2 Oml<Di^;^^yW/J>>rWAr ^ KT?3Ih!, 2 OiDl(7>ite-fb;?t ^l^VCS lei 

. ^iJ^y-yV'-csiHi. ^LrS:^j;ii5i-r:^^-7K-e3[5]j!te^^uytc ^fe^^^r*^^ 

^i^Aimr/l^zf^^^ (BSA) ^D^a-Th^'^y^C — 

- y yi^i: 1 8 0 gV:)"fe:7a:--^5'^-:^ (Sephadex) G- 2 5 ^'«r-:7r_'< >WB ( 

7 T/V-^i^r (Pharmacia). iJ^a:— t''^^, »J^:/i^-7*E) i: ^'&*ri-S7K14;^7 

cmX3. 5ciDCO;3?7 7Alcl^Jgb;to 7 A >Sr 5 mMcOj^gg':^ h y l^? (pH 
7. 3) (OSEiSO. 2inl/5>JCj;o-C¥«JcUfco ^^AJdBSA (0. 6ing. 

. 2inl/5>l-J:oTS^m$-fr. -eUTO. 6iDlco:»iij>£rSr«i?):fco mm^t^y^ 
y!>A(pH7. 3) (DtfJ(0 1M KC 1 <£r^JDx.^r irJCctoXJ^^BS A^^ 



^^3 3 
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^i^Mf^T/X^-f^:^ (BSA) <O^C2^ — 
10 0mg<^. 2- (2- h y ^^/PT ^ h^i/) y --jV-^^fS^^fiti 

ttfvt^s^'iyjv^ 4-:/^) ^x^h. 3 0 0 g(0-fe:7ccx.y^;^G-2 ^:^—/<--yr^^^ 

(O^yM^'^'m.X.tLo^yMs^m&O^ 6[nl//5>c;0 5mMc^^^-:M^ y 

i^S^f^ (pH7. 3) -C¥«iCUfCo :*7A|CBSA (2. 7mg. j^^lt^^;^ 
0. 2ml(0+-C) ^SSaU^o :<7 9i^Sr5inM<^«®^hy iJ^AcOjiEiiO. 2inl/ 

>Sr5mM(0^^'^ h y !>A (pH7. 3) (T^l^c^) 1 M(OK C llClgJE U^fco 

\c^t^m^^ mx.\i:. 1 9 9 4^1 2 M 8 B^mm^titi^m^f^mmmo s 

/3 5 2, 4 0 0^Sr#^) l;iJ;oT»i6$tLXVN/to wtLbit:i#6^:^iSfeJ^i?:co 

^j:it^mm(0^m) . :tsxxf^ (2) i|#^tt<?^^$D (ybtx.i1. l?fb;2^5cOOH. 
CPH, :JeJ:T/CHOco^^«A-rs) o mt^^yyr^f hi±:^—:^>^ (yh<bx 
fir. ;<;-:a?>':7-f >^yyv;^>^/-?-^;*->^|t) <07Ki4®iS«fe«. ^yyr^ 
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• 



TV'*^ (K. Peter Guengerich, American Scientist, 8 1, 4 4 0 — 4 4 7^ 
Peter Guengerich, J. Biol. Chem. , 2 66, 10019—10022) 

m^fa^^ t ^^iBjc-rso mm\c\i.i^%,(o^M /j:^ h ^j^n a p 4 5 o»*d5# 

4 5 0 s nMmm^X^'^^X^^iiK ^<ov>-fn;&^dS:«?— 4?>-:^/^:x->^S: 

4 5 0 sSr'&^Ufc^y hOTtttti'^t-JI«Jc-f v=^.^-<-hi-Sr i:Jc«fcJ?);fco 

2^*:cD7!yh ( r^itMj b) tCli^bi5^nAp 4 5 O^^co^^^^^ 
$it6:rc«)tc, ^nib<0^5|Sf7K4'^:7 3i/^'<ir>$'-/P (Ig/L. pH7. 0) 
^liirafi:-^bfco SiJ02flc07iyb ( r^Mj {CMC. 7rc/x^ei^- 
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t$^m (fd^rf. l^<O:$CW^^0m : Methods in Enzymology, Vol, 2 0 6) JC<t 

ox^h^^j^p 4 5 0 s ^ ^ ^ y—j>^^mm\.it, 

4 5 0 s Sr^7 7T-f ^>'tS/J&$-^:fe:o roHS^-Cli. 0. IMcoh 

y;^. 1. OmMt^NADPH. 0. 0 1 %(ON a N3. 1 OmMCO^/U 6 
-s}^-;^7at— ://W=i — ^— 6 — h xtKn^"^— ^ (1 5/ 

h/niL). pH7. 4. Sr^^r-rS. iR«^J-t?«i3l«r^oS»t(0+"e. SmgO^ 

-^it. (NADP*;d5^ hrJ^P Ap 4 5 0 s tC.toT^^^Hfcii'&iC) NAD 
P e> N A D P H ^^^-r -5 4?> «c ^ $ tv^to ^ ^ n a.i^'ff <o q3 -e 

. IMtOHClv IMONaOH. 0., 0 5 %(0 h V h >^ (Triton) X-100 
. 0. 0 5%(D:y^ — i^(Tween)^ /K RXJ^IMCON & C \ X^XK<^ 

^\.-fto ^lyy<^mm(D^^x:iBSArry^^ (t^T^) \ty ^ ^ V /I- 

i^fi^t(;itt:?^>^^>"^^Sds«lttJ$tL^^j&*ofc) o 

:7.f :/y/wSrN-FMOC — { yu^ i^>^t!R^-^'\ttc^ ^f^^^'^v'Toyy 
V/l^ (MMtmflkm) i^^l. Smg) STx 4. 4 5mg/iiiL<DFMOC-><yn 
-YV:/, 1. 54mg/inLOv^y'^/Wr^y tfy (DMAP) 5l0^2. 6mg/ 
mLCOl, 3-i^i>'i^n--.:^v-/^;^/W3Ki^-r ^ K (DCC) ^-g^-T^^il^DMF 
<0Sf«t03 3 3W^i3y s/h/wirSlS^^fcp (»«glHli|E$-^3i:;&s?>0) 2B 
f^<oKi;^^mc^ ^^y/w^DMF. tf-^yi^v, y^?'/— /k tK. dmf. ^ 
^/-/K i^{t:7«^i^:x (#6 0 0/iL) -cijti^byto r(Oj^i^jiigif:<Sr3iHlj^!:) 
jgLfco #«ELfc><yn-f i^^'JcMi-^r^/^^S^tFfcofcibtc. :7^3^y >r>«r:«f 
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/W:/ U-r ^m^Wf (Galbraith Uboratories) (f'^i^— jl+i ^ y^:^ tf/W(Knoxv 

11%^ 3 5 

^hi^tiMsp 450 sMt hff^ iJ^ny-A^^^-rS^^t-S^aiU 

>^ b (GENTEST) , MA#|5}t/<— (Woburn) « '^h^nj^p 4 5 ommnB 

Ap 4 5 0 s Sr^i^Uyt : CYP 1 A 1 (^j^#Ml lib) . CYP1A2 ( 
ftb^#M10-3c) . C-YP2,B6 «l!feM#M 1 1 0 a ) v aYP3A4,(yy 
if'^— ^^-&tP. mmnUl 0 7 r) o Sfl?^*Kt-JiMgCl2 (0. 6 7mg/mL) 

«A$ttfet Kn^V/wS<?55^«fli. ^ h n p 4 5 0 tS^S bJ^f^^^fc 
7-Y>^y/Vt^fe^^3, S-'i^^ba^m^^ (DNBA) t (Dj^)t^\CX<:>X 

frofeo :j^?5/:7'y v^/ftN-FMoc — r y w^cov^-c±le^ctftl^uytil 

m7^6^m^M<D^(Oy ^ Zf V /WSrlft ^ fflA/-CV>-5±«t;^<OH P L C^^izXo X 

trofco ^i?fe^;h.fcDNB ACOHPLC^^^Ii:. Vydac C 1 sm^^^:^ 
yJ>^ 2 1 8TP 5 4) ^^XL^ClJ':*- — X(Waters)HP LCi/;^?^ 
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Il:fe01l3 6 

ztihmm<D'ftf^<Dmw'ch^f)^ii^titj:\^^:zt^n'^\.x\^^it as. Dorick 

et al. , Biochemistry (1986), 25, 2946 — 2951; D. R. Buhler e 
t al. , Arch. Biochem. Biophys . (1961)92, 424 — 437;H.S. Mason 

, Advances in Enzymology , (1 957)19, 79;G. D. Nordblom et al. , Arc 
h. Biochem. Biophys . (1976)175, 524-533) o ^^i^:t^->y--^ 

iy/um^mAv^^i)^^of>^^m^T^rzMc. y^zfv/i- dimg) 50 
vM<Depm'rhv ^M.^^^'T^mm (1. 2 5mL. pH5. o (d^px^ 

yy^^ y-y^ -i/usJ-^f-V^— ^ (2 0 0nM) tm^V. ^\^Xi^\i h*n^->y 
-^/um (1 5mg) Kft-(Om^<D 3 ^m(Om\C 5 mgX. Mx.t;io !^Jt-}'t%i^m: 

tK. lN<7>NaOH. /K RXJ^mt^'f-l^:^ (#2 0 0mL) Xm»\^^ 

>^ y /vo tc» A ^ *^7t3S«o^«5>^<ofc «) . :7 >f y /uSr n h y 

^tiVy hW^Bf (Robertson Microlit Laboratories, Inc) (N J'>N-^v^W 

© (cj^ofco i^^<ommny4zrv/^<Dmm±(^mm<o^m^^\^^xmt.^^ 
nntnmfm<Dm:^\ci6\^^x]^^^^mmu^/l^^i>tlhi^fco mm(Dmwan^/^^ 
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*5t?§'S±'t£^iaW:STO-COOH, -COCl. -CN, -CH2NH2. 
-CH2OH. -CH2-. ^nyi^, *fcl4HC = OSrW-r5. :iive>l49:c0R 
iSfc J: o -C -*cR^{*fc*5-fb-C # 5 : 



Pibril-COOH > ±te#M 

Fibrll-COCKK^^bW + HO-R-Y > F-COO-R-Y 

(Sec. 4/5) 

Fibril-COCl + NH2 -R-Y > F-CONH-R-Y 

Fibril-CN + He > F-CHz -NHz 

Fibril-CHi NHz + HOOC-R-Y > F-CH« NHCO-R 

-Y 

Fibr[l-CH2 NHe + 0=CR-R' Y > F-CHz N = CR- 

R' -Y 

Fibril-CHj OH + O (COR-Y)^ > F-CH* OCOR- 

Y 

Fibril-CHE OH + HOOC-R-Y > F-CHe OCOR- 

Y 

Fibril-CH. -Halogen + Y" > F-CHa -Y + X 

Y- =NCO- , -OR- 

Fibril-C = 0 + Hj N-R-Y > F-C = N-R-Y 
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- t» o T UT ttSIS-Cfc o )to 

^lfe^3 7 

SJCS*B;?WtEI5^C^$n■rV^5o mmm^hV^M. (SmU 0. 2M. pHS 

. 6) <D^<Dr^yy^':f])/l^ OOmg) (D^mm^. (5id1) ^(D 

Na» NR-i^- t - b o c -L-y i^:/ N-t Kn^i^;^^ ^ K ^^i;;^ 

T'/w (i2 0iDg. 0. 27^y^/w) (0»«!Sr;!ni;tfco :roSJcSiS^^^^?a-e 
t e r t-:/hdj^i^:!?7>r^;J?:=i/w-c^«U:fey i^v:7>r:/y/vSr^ mt^^'^y^ 

>- (5ml) h y (5ml) JcoT^^-C 2 ^K^Qjauyto 

? -IZ^ ^^AW^^"^ ^ ^ ^ ^d^^i^^'^^^'?^J^>-_ 

jtfil^c^Wilc^ofco r ^y^^^^'T'^-^fi. iJ-v^^^u-v'a v(Dy-:^>' 
:7^>^y/H^:7^:/y/wl g^ij 0. i7u^;V(D^)V^>^^^\^. 
3:;!iW—v'g>'(oy i^V^-f :/y/PW::7.f:/y/H g^t> l. S-r^i^u^/v^ 
-^^ru. ^UTSiHi;^:ii^ix-i/3 voy ^;?>^ti7^::/y/wi g^*? 3. 6'v>r 

j^d^ywcoy i^^^^Wi-^r i:<£r^Ufco 

;!&/ujK'^v'/u "T^^^Ky^eyy^ 7>f :/y /uri:3&/W2K=¥i^/u>^>f :/y /i-i:* 
l;ir:^^>'^=¥>'@^Xf^i5^y ^ % ^^m^^m-t^ r i:Jc<tori^C:^ifeic J;o-CJH 

Hife^a 8 

:fy^:if,iy'rj^z^—':/ (CN) =3T^*i-^;357yW/t?^vw- b5^iSS7'>'Ky-? 
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NTAf*3!}^^3. (Hochuli><0:^& (E. Hochuli, H. Dobeli, and A. Scbache 
r, J> Chromatography, 4 11, 177-184 (1987). -^COf^^H;*:® 

CNXNHS<Dg3t 

25ml(D0. 2M00NaHCO3. pH8. 1 ^ <Dfp\Z^ 0. 4g<DNTA- 
HCl$r^^U;tp pH$r7. 8 :*-Ct> ^t-fci^tCl N(DN a OH^;tJPX^o 0 
. 5 gCDCN/NHSSrJIlPX.. CN^^m^'^^fzii>\Z.U^l^^m'^&^m\^. 
#P^^^fc;^7y ^»^U3fe;&5?>3 0^KISJE&$'^^o ^^PSrO. 4 5 MnKO-^- 
^cr>-J^±-eMigU. ^UT:7^/V^-±-C. pH8. 1 (Dj^^:^j^^?^-e 2 Ih] 

CN/NTASrNHSfifti^:^y'/Hc*i*te{bUfco 9 o*t;o:^-— :7^VO«t»"C 

0. 3 8 6 gOCN/NT A^3 05>S:«b. ^;h.;i^^ 3 0 ml(Dil7Kv^^^1?->' 

^'^*Ur/V'=^>'-C/^— i^^n^cl 0 OmlORB:7y;^=3{C^U^Co 

?>0. 4 g<ON-fc Ko^v:^^i^W ^ KSr. ^5JlCV^t?0. 6 7 gOEDCSrJto 

>^ /l-^J^ -±-CM e O H tC J: o Ti5ti^ Lyto 

0. 2 g<DNTA^5 OiDl(7>77:5^3tilAtt. LT 1 N<DN a OH<D 1 0?B 
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^^Mi^fto 2O1DICO9. 2MC0NaHCO3. pH8. 1. ^ADx.. ^tht)^b 

m<m'^^^m\^'fto m^^%:^m'^2, smm^ft^^^fto i^m^titccN^ 

CN/NTA/NT A/NT ACQ jKit 
C N/N T A/NT AXN T A/N T ACQ^Kj^ 
NTAHM(D4<><Di;^:n:^\y—>3>'<D^^(DW^ 1 0 mg) 1 OmK^D 

U •?:bTESCAJc:J;o-C^^ (N) icov^r^WUrNTAco^fB^I-A^^U 

Jg- - E S CAt;iJ:^N% 

CN/NTA 0 
CNXNTA/NTA 1.4 5 

CN/^NTA/NTA/NTA 1.8 7 

CN/NTA/NTA/NTA/NTA 2.2 0 

E scAf^mnmmr^^-:^=r^^\^-iy3 :^\cx^mm'r^&(Dm7<^iLmi. 

mmms 9 

Uro;^— 3J^V":^/^a.->^7':/K!;'^- 
#60 7}^— ^^^T^^f yv'^ ^fv^^^y'^—^ (HRP) «:?J:<o:;^«feic^ofcv^ 
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# 



>'7^:/y/w (0. 4 9ing) . r ^i/^-ri/y/v- (o. 3 2mg) . m— 

i^:>L:^U^i^B>^(D})i^:y':7^yi}/i^ (0. 8 2iiig) , llZli^a:;^^ l^— 
V^M. 3:^v^^^— hig^^af (6 0 0 /iK 0. IM. 0. 9%ONaCl^ 

■r^i onM<DNaHco^mmi^. pH9. 5 (ixm^mmwm -ctihi. i 

xiJfer^^JKWa^c^ft'coo. i%coh!; h>x-i oo-esiHi. ixj^^^S^BfK 

pH4. 4) (D^<D2, 2-ri^y\^:^ ( 3 - J^^/^-^^^V^^T V U -6- 
^/>>J^V^::ir>'^^^>-Mi (ABTS. 3mK inM:^by^»*) (;iJ;oT. 
4 1 4nm-e«l5£Ufco femJ^^^O^JC^ U^t : 

7^-><U/l^ - . . _ nmol HRP/^g, V^-:f^)jV 

^-^^r/y/v 3.8 2 

F i b-NHa 8.5 8 

Fib-NH-Lys 28.09 

F i b-NH-Ly s(Lys)2 28. 30 

F i b-NH-Ly s(Lys)4 46.28 
1 2. ZL!^W^y 
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N^-CBZ-L-y i^V 3i;;^7^/vco-^^ 

-y (2 g. 8. 12^ y^/W) STP^^y-^/W' (4 Oml) i:7K (4 Oml) O 

Omlcotf^co, 2. 4g. 9. 7 ^ Ve/U) ifS^E-a^i^lC^Px.. ^{.XhV^ 

^[Hlte^l6(Cj;orB!^*bTftN^-CBZ-NB- (ter t - >^ h 
^riyv) -L-y i^:/^^|fCo N^-CBZ-Ng- (t e r t ->^h=^V;jt;>'>;J?^ 
/W) -L-yi^i^SrO. 2MOiKffifc':^hy (4ml) TAOfSU. UTTfcttS 
^fi^*LXe^@*t:^#fc:o ©«c?:N, N-C^p* ^/^;}^/^Ar ^ K (4 0ml) t 

(1. i6ini) (D^xznmm-^'^fz.o Kii:M^^^mM.x-mik 

A-C^iHIbfco ^lt^K^*bTftN^-CBZ-NE- (ter t - ^ h iX:^7 /l^ 
4C::i/U)-^L^yi?:^ ^lyi^jV ^tti^mmtX-Xmrn^^.^/y 

fZo Mit^^^i^^" (1 Oml) OtfON^-CBZ-Ne- (t e r t h^v':;^ 
yV2}?::i/^) -L-y^^^^ a:;^7'>'V (ig. 2. 2^y^/^) tci^ h 

mxmc2. 5^mmwv-ft. mm^f^^x.. ^i.xm±mi^^mco ^y')^¥ 

j^^^u-^ h^7:7^— lcj:oTj^N^-CBZ-L-y-:;^v ^^i^/u zsl:^^^ 

N^-CB Z-L- y ^:^'rjv 7^yy/uco-^^ 

ii^t:;^^U'>' (18ml) tf'CO;55;/U2}?;:i/U:7-< >^y (aoomg) <omiWSQ\z.^ 
N^-CB Z-L-y i^V' ai;^^/^ (1 4 8mg, 0. 3 2 ^ y -=eyU 

A^b. HOBT (43. 3g. 0. 3 2 ^ y ^/V.) E D C (63. 3mg. 0. 

3 2^y^/i-) $r*n^it„ S;£:«B'a^#;^^ia-C-^tBt4^brffi^^ifei:Sr#yi:o ^ 
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WtBfe:7>f :/y>r> Fib-Lys (COOH) NH^<7>#^ 

P<^/— (4inl) 4'<?:>N^-CBZ-L-!; v^^/ ^l^i^jV ^^t^/V y 

(iismg) (d. i^mit-rvvpj^ (IN. 4iDi) ^m^. ^u-c^/^? 

jS-a^ifeSr-^a^^ Lfeo i^^ifeN^- c B z - L - y i;^ ^ :/ y /w^7K*5i 

c:^ (4id1) (D^i(ON^-CBZ-L-y i>>':7^yy>'l' (SOmg) 

h y T^f^/wvy/wa-^z^K (imi) ^MK.it. m^^m^Aox^'vznmvmx.ti 

t: Yxi^i/}Vh%fV^^^'^yfV (3ii"ir ^ / )' <D-Wli14:7--< >^y vH^, -fe y > 
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iiFm^m\^x^i^y<i^^(Dfp(Dr^/my:^='/^ry=->. ^t^iy^^Rxj^vv zt 

mm A 1 

/i^^-f-^ (1 omgtoy^yv/i^xo, 7 ^ y •=e/vo-cooH/iDg>'^ p^y /I- 

= 0. 0 0 7 ^ y ^/i-) ) 

0. 14^y^/WCOEDA (1-31^/^-3- (3 -i^j'^'f'/UT ^ y 
:^/\^:^-J^ ^ h*) RX^O, 1 4 ^ y^/UODDMAP (4 -i^^p* ^/I'T ^ / fc" y 
^^mVX. 1. SmlODMF (N, N-i^;?« ^y^J^/VAT 5 K) <Dfp<DO 

, 1 4 ^ y ^/v-t^r/w^^r/wr ^ vi:. 
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Fibril-COOHH-NH2(CH2)n CH? R (R = H or OH) > 

Fibril-CONH (CHz)„ GHz R 

r<0#Illg{Cj:oT. MJ^j^-SS^i^T/^^^/Hi (n==5. 7. 9. 17 ; n = 5 (O 

Ifeffil^b:/^^. :7-< ><y /W$r 3 X 2 SmKDCHaCla. 3X2 5 
mKOMeOH. ^^0^3 X 2 SmKD d HgOlC J;oTaS:b< ^cf^U^fco 7>f>^!;/W 

r:=.^-i:»^$:^it"e3-4^K3!S'8^bfc«. 5 inM<0#|^-^ h y 5^ (pH7. 

-:7^^y/^co_btc ; ^urr tfi^>'iiC8-:7-<:7^y/wo±*c@^{b$ttfeo 



m m 


fiOOl/g •7^Zf^)J\' 


mg/g :7^:riJ>'i/ 


i;/s'— if 


6. 8 


8 1 6 




I. 7 


4 0 




0. 6 6 


5 6 




not determined 
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K„ (M) 


Kc. (s-') 


Ko /K„, (M ' s 




4 0X1 


0. 0 4 0 


0, 9 9 X 1 0 ' 




3 8X1 0"' 


0. 0 4 8 


1. 3 4 X 1 0 ' 




1. 2 X 1 


4. 8 


4. 1 7 X 1 0 ' 




7, 9 X 1 0 


19. 1 


2. 4 3 X 1 0 ' 



mmm4 2 

'T^'^y^^XO^X^^ (0. 4M) (0. 2 5M) ^r^-^b/Co 

IIM^4 3 
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Jt-l\t.. 2 0mg(D:fJjU^^iy/U'7^':/])/l^ (^0. 0 1 4 ^ y ^/l^CO- C OOH 
S^'&^ri-'S) Sri. SmlCODMF (N, N-i;?^ ^/W2}>yWAr 5 K) (D^<DO 
. 2 S ^ ])'=ejU<D4—y^:='/V^zf'^/l'T^ly^ 0, 2 B ^ }) "^/^(DED CRXJO 
, 2 8 ^ y^/WODMAP i4-i^;^^/UTKy }:fVi^:y) tm^VtLo ^JE&2 

2 0ingC0:!&/l/J!K=¥v'/W:7>f :/y/VSrl. 5iDl(ODMF(7>(t«<O0. 28^y^ 
/KD6-:7 3i:=i/l'- 1 /U, 0. 28^y^yW(^DOC (1, 

u^^i^/V':ij/\^^-:^^ ^ K) ^tjto. 2 8^ y^/KODMAPirjm-^LfCo 
^iS^i^^a•T?-l!fe»j^U3^^;65e)^Toyto ^tud^e. :7^:/y/P^3 x 2 SmloCH 
gClas 3 X 2 5iDl<?5MeOH. ^10^3 X 2 5inl<0 d HgOlC J: o'rffifcU< iJfel^ U 

0. 5mg<Dy :xL:=^/l^-T/\y^/U :7 ^ >^ y ;P§r 4 0 0 1<0 0 . 0 5M<D h y 

;^ (pH8. 6) ^UX2 0 5>^j®t^iS^Suyto m^b:7.f 

:/y/w{ci so fil<oT/i^:^V^t^:!^yr^—^<omm {SnAAtDrnm-^h V i>A 

ig^^^tf-Cl. 6 7mgyml. pH7. 0) ^^JPXL. ^ LT^-^i^^r^^fi-e 2 

)i<Dmnki-v])^j>^tstmm (ph?. d 'T?2iHij5fet^u. -=euT2 00A*i<Di^i:. 

. 1 mMOMgClg. ^tJ^O. IMCOZnClg. pH=8. 4-Cfcofco SJCSl* 1 ml<D^ 
i^c(Dtf»-C 5 p-^ hn:7zn^/U7}>;:^:7ci:— b<7:);:^ h ^y^^m (T-y't-fy< 
y:7r — t|J<03 3%<7>DMSO<Otf»00. 5M) t ImKDT y±--y<>yy 
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^COV^Tri. fS14Sr±l 3 /ig<7)>^^>^y/W^*) 6. 9 5 MM/5>T?fcofco 

«l^cr *<4=T-ei iiU<oT/u:fy])iSL^:^yT^—'^^^ 8 7 9. SiiM/ 

mg) 22tO«0. 2 3-e>f^i3^/V (Xfi2 0nig) OlStt/^T/W;!?; y 7.7 ^ — 

0. 5mg<Dy:^^/U-T/l'^/U y>{'yV/^^5 0ti\<D5nM<Dm^^h})^ 

Ai»«fK (pH7. 1) ^b-C2 o^raj@«iS^3SLfc„ r*L 

pj:7^yy/Hc:3 5 0 ni(DVy<—^mm (5m<Dmwt^hv ^M.mm^^^(D2 

4X:x—mnmvit. ^M^b. y^:fV/i^^6ooiii(D5m<D»m^hV^ 
M.mmm (ph?. d -c3iii«c^^L. ^i.x2Q0iii<Dmcmmm<7y^^\cm 

— X^VfVy^:^ zxLTs'r/^^ (Boehringer Mannheim, 1 1 7 9 9 4 3) ^t^^L- 
. ^ UT 5 7 2nm<Z>3fcSr 6 0, 0 0 OM-W^tOK^t^^-eKlR-r^^fefb-^*^ 
^^fctH-rSo rOSJ^;:(^fci^(7?T:y"fe-f ^"^^yyr—^WVtO. IMcT^KHaP 
pH=6. 8-C$>o;fco ^/^?«lmlO^#(7)1^t?5 /xlfiO^M^ h 5/^^^?^ 
(Thesit<OttJ<^5 0%i;^;^^1^>'Otp<^7. 6inM) <fc 1 mKDT ^'-fe^-^^S'^^T-^- 
Jf 1 3 ii%<Dr)\^i3 ytt7j^;^>'r ^^i^ y ^':fy fVh^Wk^'^^:L}i\z,x.^ 

Xn^tLo 5 7 2nmCO®^S^Oii;(»llil 0 5>r^l-t>fc^ A;^:^r-t VfcC J: o T 
^::^^-Ufco ^tb*^?>. Si*a^®:6 0, 0 0 OM-W^^^e^bT 
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v>rti. ^ttStti SMgcov'-ryy/u^D 0. o 7 s MM/5>-t?$>oVbo Hife^ 
mi^&ni3tig<oy^-:fV/i-^r)o. o 5 4 /zM/5^-cfcofco rtt^fem^PJ 

^y-fe-Y^^T-Cl nU<Dr/u:JiJ V ^Tt^^^y r ^—^^ ^ 1. 3;iM/5>Tfe6 

g^»). "tti-^H. 4. T-^^iJ^a^/P (X«:5 6 4ing) &T;f3. 3-v-f^n^ 
/V (Xtt3 9 6nig) <^fl^<4/^y^<--^JC|^^$Hyi:o 

Il3fe0t|4 5 

Tj^— yi/a (HRP) (Dm^it 

10.0 gC0r^:7ai^ h14:7-<>^y>r^^4 5 0inL(DS«E®?<Dq3{c;^/^^aL 7 

"e2 4^^d>»tT$^«^fi:8. 6 8 gONa C 1 Og^d^ UT oAP;tybo ll«^<0^ 

^ ^ LT y 5/ ^5^ X -CJ!5i-r :^ VTK-eSc^Kfelrgf LV >7K(C^j^ 

>^y /^^JSil(c:J;oriHlilKU. -tUTS" K^-Cl 0 0t;T-Bfel£«lU^o HXfi 
1 0. 0 g-Cfcofc, 

^:/])/^ (1. 2iDg) ^3:/v^^y— hy'^y (O. 1M NaHCOg. 

0. 9% NaCU pH9. 5) kcMik.. LT ;icoSSs®iKlSr 2 O^^ffiW 
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# 



^i^m^^'^ito ^m^(D5 0 uLTV ^—h (0. 1 AfngiDy^-;/]}/^) 

5 0 iJtl(DSSl-(:^>7^<D^}iCmM\^it4. 0mg<Of§14{l:HRP (t"T>^. I L'>N 

u^y^y;i~yiE) tm^L.. ^vxnhtiftmM^^4X:x-mmm^^ito 

H R P ^ =1 b $ y^':fV /^-^^ v K/v:7iS.L^^cot|3-e2>:o^ 

(2 0nAIOKH2PO4. O. 4 5% NaCl. pH6. 2) . 0. 03 — 0 

-6-;^/^3^^V^) Ziri^^:='^J^m. (ABTS) UTO^WO^— 
3 0 mMc^ABTS<^^W^ Ur^fflLr4 1 4nm\C:]fS\^^X^^m'^X^='—l. 
y/Hg^!90. 0 2 3 0 /xmoKDHRP-Cfcolfco ^tt^^lit^T^fiS (>^lx— 

>':7^:/y/w) t±:7^:/y>rn g^i:) o. o o 4 8 /zmoiOHRPd^^^^^tcJ^ 

g^f?0. 0 1 8 2 Mfflol-Cfcoyto 

Iljfe0!l4 6 

r/w;!^yi4jh;^:7r^5'— 1^ (ap) h^-i^y^Vi^^—^ (jSG) o 
AP-|JaS^J-e<^l«i$tbyh:7^>^y>rKOKag«:yU':^ (Brenne) e><0:)^«fe(^S 
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# 



<5V^fc(Brenna et al., (1 9 7 5), Biochem. J. , 151 : 291 — 29 6)o 

y/l- (114mg) ^UT (:7-f t) 0. TmeqCDNHS 

:ii;^7"/Wi:(Oit^lc:^<JV>T) 1 0^fi<??^^ ^ (tyramine) ^t^Pbifco l£ 

iaib yai^/i.r ^ V (lo^S) ^^APL. ^UT^-g^i^^^m-ca^^a^u 
4- (p-r :7 3zri/wry) -:7ai=^/vr/^y:^^ (6 6mg) $r4inLOi 

NOHC 1 (Otf^tcSg^^-^fco ®iSi^Sr4*t:ic:?&aJU^LT0. 36mL<O0. 5 
MCONa N02i:»^o< f^iS-g-Uytc 1 5 5^«. T/WV ^^Ift/N a NOsj^-a-^^Sr 
, lOmLcDO. IMt^NaCOg (pHlO. 0) <D^\cm^^f\.1^^^ 

y^':fVMcm^it. ^^m^^ (pH-i 0) ^4X:'C-mmwi^ito "ttii)^ 

b> 7-<:/D/^SrO. IMONagCOg (pHlO. 0) , SUiD^T^-i^^m. 

mm. 2 5iiiM(?:>Na OH. ^ i.xmmm^^m\cfj:^^vm::x^. mmmmc 
/vy\y^:^m^m (TN^w/s/^tr/w) icxoxnoito flt*ij[i^«r-&*ruT 

V ^ 5 mm iSr-^tp A P laW^J ^ y yPt*l^^Si3¥:5^^{c J: o TfpT :fy-(DW^m(D^ 
S;dSO. 4%-C*?^>:i^d54^J^bfCo wnti«3£$tt^^O^COOH^(7)tSI^ 1 
0 - <D*i3:pyf^fifeJc*5 v ^x A P passu $ tt^t r <b Sr^ L T V ^ 60 :7 ^ 

Xi-r^J-y:sL:=.;V-^-'D-^:i"^=7^Y-^y^^ (TPEG) >^ 
:/y/WSr. ^;\^^iy<Oijm (Ullman, (1 9 8 4) Gene, 2 9 : 2 7 - 3 1 ) 
^<5v^rJ4agUfco 2. 2 4ing<0<^TPEG^. 0. 2ixL(r>^^ :^:^^<0^<DS 
mg(D:^/l^:^^Mty^':/\)Mcm?Lito mM9i(OpH^0. lM<OHCl-e4. 
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r/\^'^})^^-y^yr^-^ (ap) {Xmm (e. coH, Type iii) t^h. 

^^^;v^ (Sigma Chemical Co. ) . MOil+Hr >- h/V-^ x^) ^-iSy 
^ hi^^—^ (^G) (i^mM (E. Coli) :*/Wtr;^'irA (Calbiochem) 

WMy^-:^V /i^X 1^ ^ G pa^M :7 ^ :/ y /KO ^ f> ±-C. y< y ^mmx^m 
^tilto Ty^=^'r^—^m<Otimz., AP {—m:^m\0=^;^yY) t^G { 
— JI9:JC*S)2 8 OrLcriy h) (Op5:^^Sr-&*-f-5 n— v'^f ^<yyr— (2 0inM 
hy;^. 10mM<DMgCK 1. 6MC0NaCl. 1 0 mMfDi^^T^^ pH7 
. 4) (Ommi. OmL^, 0. 8-'ll. 0 mgCDA P3^t^ ^ G if b^.(^|Ja«^J 

y<:^y-/u \^-<>y h\cx^mmmu(omr)muzx^xn^fz,o TiHjjjfe^^ic 

^ I^D-^n:7^u-V3i^Sr, 0 G|ffl»?ld:7-<:/y/^ (1 0 0lllMOs^^?K•:^^y 1^ 

M., 1 Qm<Di^y.'r^:y. i OnM(D->:^'r^ pHlo. 0) ^^bJiAPlSW 

My^y})ji^i4 0m(DNaHPO4. 10m(Dh]):^. 1. OmMCOMgClg^ 0. 

imM<DZnci2. pH8. 4) iri^ht^\ct<^x<Dmw£mmt&mm^i>oxm*) 

jSbglMb;^ (5X1. OmL) o 

OV ^X^m Uyto r /V* U tts^ :7 T ^ — 500//M(Dp-r^hn- 

:7zii::i/l':?J^;^r7ai— h ( P N P P) (DjlJOTK^^J^S'Sr 4 1 0 nm ( A e = 1 8 , 0 

ooM-^cm"") lc:joV^r^5ti8»J^-t?g^S-r^r ^tcJ:»?ffiij^L;fco r/u:;^; y I47j> 
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nClgx pH8. 4. Otf-CfTo^feo -:ff9 ^ hi^y—^n2-:=- hn -:if=7 ^ 

h-&'D-\fyyiyy (oNPG) ^my^^M'r^mm<Dm:ti^^^m^'c^ 

9.'ri>:Lt\CX*)^^\^ito 5. 0mMOONPG(0, /3 ^ ^ h v'^— 
K$tt)t*P7K»«|<?D*3»33aa[*. lOnAIhy;^. 1 OmMOMgCla, 1. 6M(DN 
a C K 1 OniMCOv^;^v='W':^. pH7. 40tf"e. 4 0 Snm (A € = 3 5 0 OM 

U/KDgS«9 0. 5 5 0/*mol<^APdSJfe'&U:fe (miC^UT /5 G<0^iRrm» 

-a^f^^^^f :/y/K?5g^D 0. 0 2 0Mrooi)o 0GPaW^Pi:7^>^y/uTti. 

XAP<7>#^1#SJe-&W:7-r :/y/UOg^i9 0. 0 12Mniol) „ r:7^r:7^-< — 
h^y:7^-~m^<Df^Mnm9 tm i olc^^txn^'So APP1^^J:7>< 
l/~i;/W*fF«'t^#>5JJ^'(-t:i/3G^^^^ L7!>_\LAP^J^rg-L&. C 

\C^m^fitz m9) o i3Gtc:<toT^^$tvyi:7^><y^W^|IW6<jficDAP^ 

icpHS:iii< Lfc^^jcfiwu^tu^ttfc (sio) o zti^mm^mmmt^y 
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^Ife0tf4 7 
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{bbfco ^^-rvv^u^mm Omi. o. 2m. phs. e) (^>tT5co7^:/y 

^>-T^ K rx::!^ U';^*^ K y ^ AJ^^^^e ( 2 5 mg) ix>r-r75^ P> 

J;oT:7^:/y/wor)g^!9 i 3 o ^ y ^/wconad^^^. ^X^xm^m^X^ 

>^ y /w^si3ti-^<^>«c{^ffi-c# So 

NAD'^@;£37^:/i;/^ (0. 2 6mg) STJ^T^u— >->'^:/yyw (0. 3 7mg 

) %:^§St^hV^J^ (1ml. 0. IM. pH7. 1) (D^(DO. l%<?D^ya:^ 

U>'^y3— yV (PEG, MWI OOO) t—t^\c4oX:x3o^mB^fei^m 
^n:e)>e>4 O'C-CS 0 5>P^^>:^r^-<-M.fco :7 ^ >^y /u5g^J^^Ji,L>:^ 

— tf (LDH) <D, 0. i%opEG (10 0 0) mm-rhv^j^mmm (25 

0|iU LDH^fer<!rO. l%COPEGj^^^(^ittil : 1) (D^(Om^(^t- 

m^Y^) ^j^mmm^(oo, i%(7>peg (1000 kx.-^x^^x. csxi 
ooomD V ^x^xm^wm^x ^^m<omu^^m\.ito LDHt^io. i%o 

PEG (1 0 0 0) mk-f-hV ^J>^tSLm^ (SmM. SXlOOOiil) (Dtf^OSm 
3tS^^bSriBI^t-'5C ttcJ:o'Ctfe;£L]to h y ^M^Wmm 
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{9 so ti l)^(DO, l%OPEG (1 0 0 0) . Yf/l^tTlymm. (3. 3 m. 



LDH 

hVl/^-b + NADH > ^i^-r-h fhVtiVi—^ 

+ NAD^ 

^ixfe±-/-^^ 

r^/:7^:/y/W (400ing) i4i-ft7«'^l^V (20inl) t|'04- (tKT3=^ 
7*^/1^) -y'aiy =^riyg^^Sg^i^ (2 5 5mg. 1. 4 ^ y ^/U) t(Dm^m^ 
. l-J^^/l--3- (3-v?;»«^ywr ^ l^y^) ;j^;/V-:^-:;?>r 5 K (EDC. 
.2 6 8mg. 1. 40^y^y^) 1 - t Kti h y T yV-TKfP*^ (H 

OBT. I8 9mg. 1. 4 ^ V ^tU:^fz^ RltM^'^^r/i^^:y:Jff^T'X^ 

;>«^/l^s^/WAr ^ K (DMF. 2ml) tmt^'f'U^ (8ml) ^ ^ y /V 

N- (9-:7:=.;^-i^c:i/wp« h^v:3^/w?Kn/v) -o-r/^/v—L- 

-feyv (215mg, 0. 56^y */V) .1,3 -i^i^^ u^^i^/U:^jV:^i^>C 

^ K (Dcc, 1 1 5mg. 0. 5 6 ^ y ^7^) ^t;^4 ->^;^^/i'r t^y t^:/ 

(DMAP, 3. 4ing. 0. 0 2 8 ^ y ^yu) ^An;tfc« Siit-M^f^^^tSiX— 
SfeSli^U. -^rUr^^^I^^ y^yyU^DMFtt»(Z?2 0%fc'^y i^i^ (5x4 Oml 
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Mx^lto :?^yyu-^NVK>'^— fejj >^(o+)-r>'w=¥^>' (n=-2, 2, 5, 
/v<or/w^^vSr^Wr^r i:Sr^b-CV>5o f&<^^o^:/^ Kt>l^i:';^ife(- J: 

y^-:f]) /v^^® ^ tf Xfb (biotinylat ion) Id J; o T3lt:ir /i^^/Wk ^ ti*:^ 
;^ M^i/hn^i^v- ='>-i^^y-'r5^ K^S^Ji^^-CtSo 

mmm4 9 
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/V2. 4mt. 8. 15<7>pHO, 0. 2MC0NaHC03iiaf5fStt'(?5 9mg<0N 



mmms o 

C (l-oi^/i— 3, 3-i>;^^/VT^/>^ntr/U') :«;/W2}?i;^-f ^ K) . 7. 5 
mg^DMAP {4 -iy~^^/UT^ /y^ V l^ly)'^RXF0. ~5m\a)r)M 

1 oNH2(cH2)7CH3^^il^i-§:^^^;:J:o•c^Tofco m-^m^Mm.^—mm: 
}f:^'^>'ity /wwt;^ M^T" h r ifi^>'»tlB:7 >^ y /wjcteft: $ ttfc-rfe 6 

5o 
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m^-^(Dm\\^^^^^^-t^mn%M(o^m\^x.^xmmt^hmnm^^ 

}^\^:!^'^>xmm^ti^:i tKx^xmt^mm\cmm:^ti. ^\.x^(d r^-j 
mm^m»mmz <t o xmm ^ n?:? v u± x o xmm ^ in^:^^ 

nm^. DN A:?^n-:/r s'ir^ «:F B S ^nW^^m LTHm-f S r :dS-C 
# /Co tf v>f L ^ D N A F B S ^^^flc \z.^^^^ti^:Lti)^X^. 
^L^xm^y^^Z^V y h*iti)mm\&-:^mr^y^ hDNA^^tmmimWt:^ 
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t/^^-e^yto ±IEcoili9. >^ M^>^hTlfi;^>'^/cl^m<=^-e^S^ 
T e-Xco<4K$r3§:M-r S r ^ d^T 1 3to 
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Ulio J; IK [Hi iR ?r -51 t c -r 5 o 

ym^^m^^%nwK{^m^^^:Lt\^^^x. -^m^-th, ^^^-pcx 
mm^(Dm^. Rxf^at,. -i^mm^t^^mvxmiSL^\cf^'^^^<^b:^>(D^^ 

>^<D^^TX<DC o (II);!)*bC o {uD^com^it^^mm^Tmt \.x^ 
m^^^^^-r^co aumi^^mmtmmKm7tvx^^^\^c o {umt^ 
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m (Reticulated Vitreous Carbon) (RV C))<0^m\cmM\^timmi>^^lyft 



— y-^—^fv<onm.h\:^x^m^f\^^^^^^^ 

jUTy h <omm(r>%JLs^x\^mms^%:^'s^'r^itit\mmmcms\x^ *o 

mmms 2 
my^r:^ i^r^'y'^mity ^ >^ y /^o 
yu^±/u<ommt \^x(om^ 

m(Ul)y^ui^r:=-l^-\f::^-\^]) (FePc-2Py) {T;\^Y])y 

f^4i, 0 16-0) ^^m^^^^t\c^^xir'7yr^ V^y 

jfUfCp 0. AO^ %<r>y^:/]);VtO. 1 3 0 g(7)F e P c-2 Py ^1 5 0 
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• 



^--e 3 5 X:(D-^^m Uifeo IfJ^mfit* 0 . 5 2 8 g -Cfc t) . ^Hlil^ 

®6«Jei^^^L.rv^;t, iife^co^3t^^tt^#-r5 FePc-2Py ur 

SmgCOF e P c - 2 P y i^M^ ^ V /l^^ 1 0 mlOflJJ.-f it^^TKt^^'^CSWiS^ 

e-c^fc^-^y^cp :$>m^iSr2 5lImOl^:7.^/^^$^--e::^7^^/^K<o4'^c^i^$^^^t-- 



m^{l::^:7n— 1 3inm<7)7'7;^^5' <7>, ^ (Swinney) 
(400^yiX3L, Ladd Industries) Srflit. ^Lr^<^7;^ y— V$r. 3^* 

K<7>>^rRjm«i: \.xmm(D±isb\cmm^titiJ^^v-h*»tmmL.it, im<dh 

F e P c-2 Py-C^^ffli^tb^CNcOitMO. 5-<>^f^coRffi^:7 n— 
fpKAtl. EG&G PAR2 7 3:!}^"r:/V3;^i5^^/ hOJi^^^^y — 

KlcSi^bfco :7n— fer/wf^, pH7. 0<^>0. 1 Mi»^:^7 y 0 
. IMOKC 1 $r^«Lfc-fe— i^(Sage)t^y >'^^sKi^7'(cSJKbfco 2 Omv/|3? 
comEE?t^5Saf'e1^^^J' y >yi5'3}?/Wi5^^i/^A (CV) SrZ-^'n- (^ih) R 

xiyu— (0. 4:^/w/^^) (Dhtx^m\.1t m^^m . CV\%yn—t^:^ 
o-Ct>«<rt>l5l£|^i:T?fcO. -^-LXFe P c - 2 P y ^-&W-f--5^®-!:^a 
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HIS^S 3 

r^i-^i'-y^y^V/^m^^ (1 8 5-0 2-0 1) (dUi^ 
1 go, 5BBftT?ift{li$ix;fc:7>f (i 8 5-o i -o 2) i o Occ<d 



LfdO. 0 4^/K?^r/v^r^!>Ah!;:/h:^^>K(^^^fle^i^o< »9^;[iPLfCo as 

^^/\^ij^m^^t^fZo :L(D^;v^^%t^xz o o^lc i 2^K^^L:rco 

r(Or/^^-:h-:7^yi; S EMtd J; o XVm Lfco aS^®<^^l& 

i^y :<7-:7^:/y/V'j|iaj5fei|^ (173-85-03) oSiit 
2 gCO, mfkxmt^fllty (1 7 3-8 3-0 3) 2 0 Occ£^ 

/-;\^^\:Lm^^^m^^m\.XMmz.^m^^tlo ::.(Dy^y^)\C^ 5 0cc 

X.. -?r0^r3ccO«|^ift$r^D;t:feo rcD^g-a^^^Sr 8 5t:(;i^f^b. ^bT-t<^ 

r 6D'> y - 7 .r y /vs-g^fl^* s emi;i <t o xwm x^tca M,mmm(Dmmm 
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^ ^JV (Dynal) (T^ffe-CKat $ ixfc t> (O, ti^^fJC:^ it ^ ^ W U 
TV>So bd^U;^j?;d5ic>> wttbOt^— Xtt-^-y^^L A^pri6/jr^<^(C Jt 

mmm5 5 



7. SmgOiSatliO hi^/Wf£i4^b$ttfc^-r":^tr— XM-4 5 0 (3 0mg/ml) 
J^l&mm. pH8. 4. S:ii'-Xt;iXni;t. ^LXO. imlcor ^:^:7>f >^y/u>gr 
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• 



[g)2] 
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# 



171 



o 

I 

N-O-C(O) OCHaPh + HOOCCHCNhyCHgCHgCHaCHzNHBOC (CH3CH2)3N ^ 

Dioxane / CH^OH / 



0^ IWI/PhCHzBr 

HOOCCH(NHCB2)CH2CH2CH2CH2NHBOG PhCH200CX3H(NHCB2)CH2CH2CH2CH2NHBOC 



■n=A-CH2Cl2 

PhCH2POCCH{NHCB2)CH2CH2CH2CH2NH2 



EDC / HOBT 

Rb-COOH + PhCH200CCH(NHCB2)CH2CH2CH2CH2NH2- 



PibC(0)NHCH2CH2CH2CH2CH(NHCBZ)C{0)OCH2Pf> 



CH2CI2 

TFA-CH2CI2 TMSI.CH3CN 



FibC(0)NHCH2CH2CH2CH2CH(NH2)C(0)OH 
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1 2 3 4 5 6 7 8 9 10 11 12 13 

itn^tti ( 9 1 3} 



■ML ^ B amnm 
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2 3 4 5 6 7 8 9 10 11 12 13 



Ficj. 10 
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INTERNATION/iL SEARCH REPORT 



No. 



PGTAI597J«BS53 



A. CLASSinCATIOK OP SUftJECT I^TTER 
IPC(6) :A61K 9/00; AOIN 25/00; C09C t/56; B32B 5/16 
USCL :4Z4/405, 4«4,4S5. 486; 435/174. m. IBO; 914/772. mi mi 

Aoeordmg to bttcnmtioBMi Patent Cluiificabon <IPC) or to both cutioiul cbtitfiMtwn And IPC 


B. FIELDS SEARCHED 


MinianMn dooumaiimiMi wMhed (eltMafteaioa •yuan foUowsd by diMifiMiioa syinbob) 
U.S. : 5)0/402, 810, S15, 813; 815; 935m, 52, 54; 423/447^ 4473, 460; 428/376| 367, 398, 403, 408 


NONE 


ion texchcj other than irouinunidoeungiinaifta to the cjOcbi ttm wch doeumeatt are fcicluded 


inthBfleJdi Miid 




Elooiroaio diu bftflB oonsukfld dnrfoc Uie buenuxioraU search (nume ofdaU bMcand. where pucUeMbHc 
NONE 




D 


C DOCUMENTS CONSIDERED TO BE RELEVANT 




dtatkm of docuroem, with todkitiwi, when appcopriaia, of the rekvant paaaasea 


RBtewui tocla 


im No. 


A 


US 4,69,230 A (TENNENT) 05 May 1987, see entire 
document. 


1.64 




A 


US 5,346,683 A (GREEN et al) 13 September 1994, see 
entire document. 


1^ 




A 


US 5,424.054 A <BETHUNE et al) 13 June 1995, see entire 
document. 


1-64 




A,P 


US 5,547,748 A (RUOFF) 20 August 1996, see entire 
document. 


1-64 




A 


US 5,46^^87 A (FIT2PATRICK-IV)CELUG0TT et el) 14 
November 1995, see entire document. 


1-64 




A 


US 5,472,749 A (DRAVID et al} 05 December 1995, see 
entire document. 


1-64 





I x) Further doeamenU are litud in the oofttiniiataofi of Box C. | | See patent iunii; annex. 



rdorwi pil 



'V A If whk» nay tteour daJtm aa fnia^ chJaCQ et wtricfc i» 

citsd to <a^>lMb A» piUiealMe 4«IB >M(twr dMiM «r o*cr „ ^ 

«r^MHM(wipeeifiBd) ^ 4aBa 



Dale of Che acuial coniplelioa of the iotoiutiocttl 
26 JUNE 1997 



Dale of imiUng of ihc intanaliODal icarch 

1 8 JiT^igj? 




Fbntt PCT/ISAnSO (uooad iheeiKluljr 1992>* 
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INTERNATIONAL SEARCH REPORT 



Intenulkuul tppUcitioA Na. 
PCnUS97/a9553 



C (CocAnuMtioD). DOCUMENTS CONsn3ERED TO B6 RELEVANT 



CtUgory* 



Citatioa of doctiraoii, with indication, wliere approprale, of the rckvant pBoigei 



US 5,482,601 A (OHSHIMA et al) 09 Januaiy 1996, sec entixe 
document. 



Rdtvanl lo clibii No. 



1-64 



Form PCT/ISA/210 (co n ii mMt io n of aeoond ahcciXJuiy 1992)* 
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(51) Int. CI. ^ muia-^ 


F I 




CO 7C 


51/353 


CO 7C 


51/353 




57/40 




57/40 




57/72 




57/72 




63/44 




63/44 




209/00 
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* NOTICES * 

JPO and NCZPZ are no^ responsible £or any 
damages caused by the use of tbis tremslation. 

1 .This docviment has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1 . Formula LCnHu~r-R«n 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube among [type at the real target 
which has larger die length / diameter ratio than 5, and a dietmeter smaller than O.Smicro. n is an integer, L is a 
- - number smaller than 0. In, and_m is a number smaller than 0.5n. It is the same and each of R is S03H, COOH, 

NH2 and OH, R'CHOH, CHO and CN, COCl, halide, COSH, SH, COOR'^ SR\ and SiR'3, " - 

S i -<r OR'-^yR^ 3-y , S i 0-S i R' 2->-0R' , R^ . L i, 

A1R*2, Hg-X, and T1Z2 Mg-X — since — it chooses — having — y — three or less integer — it is — R — hydrogen, 
alkyl, aryl, cycloalkyl, an aralkyl, cyclo aryl, or Pori (alkyl ether) — it is — R" — fluoro alkyl, fluoro aryl, fluoro 
cycloalkyl, or a fluoro aralkyl — it is ~ X — halide — it is ~ and — ] whose Z is carboxylate or trifluoroacetate 

2. Formula [Cn Hi^Rm 

Among [type, carbon atom and Cn contain pyrolysis adhesion carbon substantially, twist it, and are surface 
carbon of cylinder-like graphite nature fibril substantially. It distance-stretch-******, the projection of the 
graphite layer on said fibril ~ a fibril diameter ~ for two, even if few n is an integer, L is a number smaller than 
O.ln, and m is a number smaller than 0.5n. It is the same and each of R is S03H, COOH, NH2 and OH, 
RCHOH, CHO and CN, COCl, hahde, COSH, SH, COOR\ SR\ and SiR3, 
S i-^ OR'^yR'^ 3-y , S i -e 0-S i R' 2^0R' , R" . L i, 

A1R*2, Hg-X, T1Z2, and Mg-X — since — it chooses — having — y — three or less integer — it is — R — 
hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, cyclo aryl, or Pori (alkyl ether) — it is — R" — fluoro alkyl, fluoro 
aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — X — halide — it is — and — ] whose Z is carboxylate or 
trifluoroacetate 

3. Formulate n Hl-3-Rbi 

carbon atom and Cn are the surface atoms of fish bone fibril among [type, n is an integer, L is a number smaller 
than O.ln, m is a number smaller than 0.5n, each of R is the same, and it is S03H, COOH, NH2 and OH, 
R'CHOH, CHO and CN. COCl, halide, COSH, SH, COOR', SR*, and SiR3, 
S i -f- 0R'-4-yR'^ 3 y . S i O-S i R' 24-OR' . R" , L i, 

AIR'2, Hg-X, T1Z2, and Mg-X — since — it chooses — having — y ~ three or less integer — it is — R' — 
hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, cyclo aryl, or Pori (alkyl ether) — it is ~ R" — fluoro alkyl, fluoro 
aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — X ~ halide — it is — and — ] whose Z is carboxylate or 
trifluoroacetate 

4. Formula [Cn Ht-^^Rm 
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carbon atom and Cn are sxirface carbon of a cylinder-like graphite nature nanotube among [type at the real target 
which has larger die length / diameter ratio than 5, and a diameter smaller than O.Smicro. n is an integer, L is a 
number smaller than O.ln, and m is a number smaller than 0.5n. It may be the same, or you may differ and each 
of R is S03H, COOH, NH2 and OH, R'CHOH, CHO and CN. COCl, halide, COSH, SH, COOR', SR\ and 
SiR'3,S i ^ OR'-4-.R' 3-y . S i -e- 0-S i R 2^0R' , R^ . Li. 

A1R*2, Hg-X, T1Z2, and Mg-X — since ~ it chooses — having — y is three or less integer. R' Hydrogen, alkyl, 
aryl, cycloalkyl, an aralkyl, It is chosen out of cyclo aryl or Fori (alkyl ether). R" Fluoro alkyl. They are fluoro 
aryl, fluoro cycloalkyl, or a fluoro aralkyl. X is halide. Z is carboxylate or trifluoroacetate. And] on condition of 
COOH not existing, when each of R is an oxygen content radical 

5. Formula [Cn Hu^Rm 

Among [type, carbon atom and Cn contain pyrolysis adhesion carbon substantially, twist it, and are surface 
carbon of cylinder-like graphite nature fibril substantially. It distance-stretch-******, the projection of the 
graphite layer on said fibril ~ a fibril diameter — for two, even if few n is an integer, L is a nvmiber smaller than 
O.ln, and m is a number smaller than 0.5n. It may be the same, or you may differ and each of R is S03H, 
COOH, NH2 and OH, R'CHOH, CHO and CN, COCl, halide, COSH, SH, COOR*, SR', and SiR'3, 
S i-f- OR'^.R' 3-v . S i O-S i R' 2->-0R' • R" . Li. 

A1R2, Hg-X, T1Z2, and Mg-X — since ~ it chooses — having — y is three or less integer. R' Hydrogen, alkyl, 
aryl, cycloalkyl, an aralkyl. They are cyclo aryl or Fori (alkyl ether). R" Fluoro alkyl. They are fluoro aryl, 
fluoro cycloalkyl, or a fluoro aralkyl. X is halide. Z is carboxylate or trifluoroacetate. And] on condition of 
COOH not existing, when each of R is an oxygen content radical 

6. Formula [Cn Hl-3-R« 

carbon atom and Cn may be the surface atoms of fish bone fibril among [type, n may be an integer, L may be a 
number smaller than O.ln, m may be a number smaller than 0.5n, and each of R may be the same, or you may 
differ, and it is S03H, COOH, NH2 and OH, R'CHOH, CHO and CN, COCl, halide, COSH, SH, COOR', SR', 
andSiR3,S i ^ OR' .R' a -y . S i O-S i R' 2^0R' . R" . L i , 

A1R*2, Hg-X, T1Z2, and Mg-X — since — it chooses — having — y is three or less integer. R' Hydrogen, alkyl, 
aryl, cycloalkyl, an aralkyl. They are cyclo aryl or Fori (alkyl ether). R" Fluoro alkyl, They are fluoro aryl, 
fluoro cycloalkyl, or a fluoro aralkyl. X is halide. Z is carboxylate or trifluoroacetate. And] on condition of 
COOH not existing, when each of R is an oxygen content radical 

7. Formula [Cn Hl-^-Ah. 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube among [type at the real target 
which has larger die length / diameter ratio than 5, and a diameter smaller than O.lmicro, n is an integer, L is a 
number smaller than O.ln, m is a nimiber smaller than 0.5n, and it is each of A. 

0 0 0 0 0 

II II II II II 

OY, NHY, C-OY. C-NR' Y, C-SY. C-Y, -CR' 2-OY. N=Y, -NHCY tfzii 

C=Y — since — it chooses ~ having — Y ~ protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
oligo NUKUREOCHITO, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable fimctional group 
of the transition state analog of an enzyme substrate - it is - or R'-OH and R' -N (R02, R'SH, RCHO, R'CN, 
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R' CR' rT X- . R' S i R' a . R' S i -(- OR' ->-yR' a-, . 
R' S i 4- O-S i R' 2^0R' , R' -R' , R' -N-CO. 
andR'X, (Ca O ^wH, Ca He 0^»H. Cz H« O ) ,-R' , 



*><kc; R' -N 

(C3H60)w-R',R', 

since — it chooses ~ having — y ~ three or less integer ~ it is ~ R* ~ hydrogen, alkyl, aryl, cycloalkyl, an 
aralkyl, or cyclo aryl — it is — R" — fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is ~ X ~ 
halide ~ it is ~ Z ~ a gal BOKISHI rate or trifluoroacetate ~ it is — and — ] whose w is a larger and integer 
smaller than 200 than 1 

o * o 
11 , II 

8. ACNR' Y COY. 

coming out ~ it is — R' — H ~ it is — and ~ Compost of claim 7 whose Y is the amino acid chosen from the 
group which consists of a lysine, a serine, a threonine, a thyrosin, an aspartic acid, and glutamic acid. 

9. FormulaCCn Hi. 4" Am 

carbon atom and Cn do not contain pyrolysis adhesion carbon substantially among [type ~ substantial ~ the 
surface carbon of cylinder-like graphite nature fibril — it is ~ the projection of the graphite layer on said fibril ~ 
a fibril diameter ~ even if few ~ distance stretch ****** for two, and n ~ an integer — it is ~ L ~ a number 
smaller than 0. In — it is — m ~ a number smaller than 0.5n — it is — each of A 

0 0 0 0 0 

II II II II II 

OY, NHY, C-OY, C-NR' Y. C-SY, C-Y, -CR' ^-OY. N=Y, -NHCY tfzii 

C=Y ~ since ~ it chooses — having — Y ~ protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
an oligonucleotide, an emtigen or an enzyme substrate, enzyme inhibitor, or the suitable fiinctional group of the 
transition state analog of an enzyme substrate ~ it is -- or R'-OH and R' -N (R')2, R'SH, R'CHO, R'CN, and R'X, 
R' (R' ) 3 X- , R' S i R' 3 . R' S i OR' ^ ,R' 3-, . 

R' S i -e- O-S i R' i^-OR' , R' -R' , R' -N-CO. 

(C2 H4 O^wH, -(r Cs He 0>wH. -(r C^ H* O ) «-R' . 



(Ca H, O )w -R' 



R' -N 



since ~ it chooses ~ having ~ y ~ three or less integer — it is — R' — hydrogen, alkyl, aryl, cycloalkyl, an 
aralkyl, or cyclo aryl ~ it is — R" ~ fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl ~ it is — X ~ 
halide — it is — Z ~ carboxylate or trifluoroacetate — it is ~ and ~ ] whose w is a larger and integer smzdler than 
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200 than 1 

o ■ o 

II li 

10. aCNR' Y tfzit COY, 

coming out — it is — R' ~ H — it is — and ~ Compost of claim 9 whose Y is the amino acid chosen from the 
group which consists of a lysine, a serine, a threonine, a thyrosin, an aspartic acid, and glutamic acid. 

11. FormulaCCn Ht-B-An 

It is the surface atom of carbon atom, Cn, and fish bone fibril among [type, n is an integer, L is a number 
smaller than 0. In, m is a number smaller than O.Sn, and it is each of A. 

0 0 0 0 0 

II II II II II 

OY. NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY ttzit 

C=Y ~ since ~ it chooses ~ having — Y ~ protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional group of the 
transition state analog of an enzyme substrate - it is -- or R'^OH and R' -N (R')2, R'SH, R!GHO,-R'CN, and R'X, 
R' N* (R' ) 3 X , R' S i R' a . R' S i OR' ^vR' .1 , . 

R' S i 0-S i R' 8-)-OR' , R' -R' , R' -N-CO. 

(Ci H4 0->-wH, -4- C, H, O^wH. Cz H4 O ) w-R' , 




*5J;Cf R' -N 

(C3H60)w-R',R' 

since ~ it chooses — having ~ y ~ three or less integer ~ it is ~ R* ~ hydrogen, alkyl, aryl, cycloalkyl, an 
aralkyl, or cyclo aryl ~ it is ~ R" ~ fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl ~ it is ~ X ~ 
halide — it is ~ Z — carboxylate or trifiuoroacetate — it is — and ~ ] whose w is a larger and integer smaller than 
200 than 1 

o ■ O 

II 11 

12.ACNR' Y ^fzit COY, 

coming out — it is ~ R' ~ H ~ it is ~ and ~ Compost of claim 1 1 whose Y is the amino acid chosen from the 
group which consists of a lysine, a serine, a threonine, a thyrosin, an aspsurtic acid, and glutamic acid. 
n.FormulaCCn Hu^ LR' -A3™ 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube among [type at the real target 
which has larger die length / diameter ratio than 5, and a diameter smaller than O.Smicro, n is an integer, L is a 
number smaller than O.ln, m is a number smellier than O.Sn, each of R' is alkyl, aryl, cycloalkyl, an aralkyl, 
cyclo aryl, or Fori (alkyl ether), and it is A. 

0 0 0 0 0 

II It II II II 

OY. NHY, C-OY. C-NR' Y, C-SY. C-Y, -CR' 2-OY, N=Y, -NHCY ^tzii 

C=Y ~ since ~ it chooses ~ having ~ Y ~ protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide. 
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an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional group of the 
transition state analog of an enzyme substrate - it is -- or R'-OH and R' -N (R')2, R'SH, R'CHO, R'CN, and R'X, 
R' (R' ) 3 X . R' S i R' s . R' S i OR' ^,R' a-, , 

R' S i 0-S i R' ^->-OR' , R' -R' , R' -N-CO, 

(Ca H* O-^wH, -(r C, H, 0->-wH, H4 O ) w-R' . 



A 



^Xlf R' -N 

(C3H60)w-R\R\ O 

since ~ it chooses ~ having — y — three or less integer — it is — R" — fluoro alkyl, fluoro aryl, fluoro cycloalkyl, 
or a fluoro aralkyl — it is ~ X — halide — it is — Z ~ carboxylate or trifluoroacetate ~ it is — and — ] whose w is 
a larger and integer smaller than 200 than 1 

O ' O 
II II 

14. ACNR' Y ttzii COY. 

coming out — it is — R' — H — it is — and — Compost of claim 13 whose Y is the amino acid chosen from the 
group which consists of a lysine, a serine, a threonine, a thyrosin, an aspartic acid, and glutamic acid. 

15. Formula CC„ Hi. ^ IR' -A 3™ 

Among [type, carbon atom and Cn contain pyrolysis adhesion carbon substantially, twist it, and are surface 
carbon of cylinder-like graphite nature fibril substantially. It distance-stretch-******, the projection of the 
graphite layer on said fibril ~ a fibril diameter ~ for two, even if few n is an integer, L is a number smaller than 
O.ln, and m is a number smaller than 0.5n. Each of R' is alkyl, aryl, cycloalkyl, an aralkyl, cyclo aiyl, or Fori 

0 0 0 0 0 

11 II II II II 

(alkyl ether). A OY. NHY, C-OY. C-NR' Y, C-SY, C-Y, -CR' ,-OY, N=Y, -NHCY tjtti 

C=Y ~ since ~ it chooses ~ having — Y ~ protein, a peptide, an enzyme, amino acid, an antibody, a nucleotide, 
an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional group of the 
transition state analog of an enzyme substrate ~ it is ~ or R' -OH, R-NR'2, R'SH, R'CHO, R'CN, and R'X, 
R' N' (R' ) 3 X . R' S i R' 3 . R' S i -f- OR' ^vR' 9 , . 

R' S i -f- O-S i R' z->-OR' , R' -R', R' -N-CO. 

(C« 0>wH, -e- Cs H. O^wH, -f- C« H4 O ) w-R' , 



*5J;CJf R' -N 




(C3H60)w-R',R', 

since ~ it chooses ~ having ~ y ~ three or less integer ~ it is ~ R" ~ fluoro alkyl, fluoro eiryl, fluoro cycloalkyl, 
or a fluoro aralkyl ~ it is ~ X ~ halide ~ it is — Z ~ carboxylate or trifluoroacetate — it is — and — ] whose w is 
a larger and integer smaller than 200 than 1 
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^^^^^^^^ 

o ■ o 

II , ^ II 

16.ACNR' Y ^fzit COY. 

coming out — it is ~ R' — H ~ it is ~ and — Compost of claim 1 5 whose Y is the amino acid chosen from the 
group which consists of a lysine, a serine, a threonine, a thyrosin, an aspartic acid, and glutamic acid. 
n.FormulaCCn Hl-3- LR' -A ]n, 

carbon atom and Cn are the surface atoms of fish bone fibril among [type, n is an integer, L is a number smaller 
than O.ln, m is a number smaller than 0.5n, each of R' is alkyl, aryl, cycloalkyl, an aralkyl, cyclo aryl, or Fori 

0 0 0 0 0 

II II II II II 

(alkyl ether), and it is A. OY. NHY, C-OY. C-NR' Y, C-SY, C-Y, -CR' ^-OY, N=Y, -NHCY ttzlt 

C=Y — since ~ it chooses ~ having ~ Y ~ protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional group of the 
transition state analog of an enzyme substrate ~ it is ~ or R'-OH and R' -N (R')2, R'SH, R'CHO, R'CN, and R'X, 
R' (R' ) 3 X-^ . R' S I R' a .- R' S i OR ■ -^vR' a-, , 

R' S 1 -(- 0-S i R' 2-^OR' , R' -R' . R' -N-CO, 

(Ca H4 O^wH, -e Ca He 0^»H, '<r C2 Hi O ) w-R' , 



R' 

(C3H60)w-R',R' 

since ~ it chooses ~ having ~ y — three or less integer ~ it is — R" ~ fluoro alkyl, fluoro aryl, fluoro cycloalkyl, 
or a fluoro aralkyl — it is — X — halide — it is ~ Z — carboxylate or trifluoroacetate — it is — and ~ ] whose w is 
a larger and integer smaller than 200 than 1 

18. Formulate „ Hi.^ [X' -Aa ] » 




carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube among [type at the real target 
which has larger die length / diameter ratio than 5, and a diameter smaller than O.Smicro, n is an integer, L is a 
number smaller than O.ln, m is a number smaller than O.Sn, a is an integer smaller than 10, and it is each of A. 
0 0 0 0 0 

II n II II II 

OY. NHY. C-OY, C-NR' Y, C-SY, C-Y, -CR' j-OY. N=Y. -NHCY ttiii 

0=Y — since — it chooses — having — Y — protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional group of the 
transition state analog of an enzyme substrate ~ it is ~ or R'-OH and R' -N (R')2, R'SH, R'CHO, R'CN, and R'X, 
R' CR' ) » X- . R' S i R' 3 . R' S i OR' ^.R' 3 , . 

R' S i -f- 0-S i R' .^OR' . R' -R' , R' -N-CO, 

(Ca H4 0->-wH, ~(r C3 Hs 0^«H, Ca H« O ) w-R' . 
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(C3H60)w-R\R' 

since — it chooses ~ having ~ y — three or less integer — it is — R' — alkyl, aryl, cycloalkyl, an aralkyl, or cyclo 
aryl — it is ~ R" — fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is ~ X ~ halide — it is — 
X* ~ polykaryotic aromatic series, the poly hetero nucleus aromatic series, or a meta-ROPORI hetero nucleus 
aromatic series component — it is — Z — carboxylate or trifluoroacetate — it is and — ] whose w is a larger and 
integer smaller than 200 than 1 

19.FormulaCCn Hl^ EX' -A. ] « 



carbon atom and Cn do not contain pyrolysis adhesion carbon substantially among [type — substantial ~ the 
surface carbon of cylinder-like graphite nature fibril — it is — the projection of the graphite layer on said fibril — 
a fibril diameter ~ even if few — distance stretch * * * for two, and n an integer — it is — L — a number 
smaller than 0. In ~ it is — m — a number smaller than 0.5n — it is — a — an integer smaller than 10 ~ it is — 
0 0 0 0 0 

II II II II II 

each of A OY, NHY, C-OY. C-NR' Y, C-SY, C-Y, -CR' .-OY, N=Y, -NHCY ^tzU 

C=Y — since — it chooses — having — Y — protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional group of the 
transition state analog of an enzyme substrate - it is - or R'-OH and R' -N (R02, R'SH, R'CHO, R'CN, and R'X, 
R' (R^ ) . X , R' S i R' 3 . R' S 1 -e OR' ^yR' 3 . , 

R^ S i 0-S i R' t^OR' . R' -R' , R' -N-CO, 

(Ca H. OwH, -<r Cs He O^wH, -f- O ) w-R' , 

R' 

(C3H60)w-R',R' 

since ~ it chooses — having — y — three or less integer — it is — R* — alkyl, aryl, cycloalkyl, an aralkyl, or cyclo 
aryl — it is — R" — fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is ~ X — halide — it is — 
X' — polykeiryotic aromatic series, the poly hetero nucleus aromatic series, or a meta-ROPORI hetero nucleus 
aromatic series component ~ it is — Z ~ carboxylate or trifluoroacetate ~ it is ~ and ~ ] whose w is a larger and 
integer smaller than 200 than 1 

20. Formula [Cn Hl-J- [X' — Aa ] m 




carbon atom and Cn are the surface atoms of fish bone 'fibril among [type, n is an integer, L is a nximber smaller 
than O.ln, m is a number smaller than 0.5n, a is an integer smaller than 10, and it is each of A. 

0 0 0 0 0 

II It II II II 

OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY ^tzU 
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C=Y ~ since — it chooses — having ~ Y ~ protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the smtable functional group of the 
transition state analog of an enzyme substrate - it is - or R'-OH and R' -N (R')2, R'SH, R'CHO, R'CN, and R'X, 
R' N' (R' ) 3 X . R' S i R' 3 . R' S i -e OR' ^,R' a , . 

R' S i -e- 0-S i R' 2>0R' , R' -R' . R' -N-CO, 

(Ca H« 0>v.H. -e Ca H. O-^wH, -e- Cz H4 O ) w-R' , 



A 



R' -N I 
(C3H60)w-R',R' O 



since — it chooses ~ having — y — three or less integer ~ it is — R' — alkyl, aryl, cycloalkyl, an aralkyl, or cyclo 
aryL— it is — R" — flupro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — X — halide — it is ~ 
X' ~ polykaryotic aromatic series, the poly hetero nuclei]^ aromatic series, or a meta-ROPORI hetero nucleus 
aromatic series component ~ it is — Z — carboxylate or trifluoroacetate — it is — and ~ ] whose w is a larger and 
integer smaller than 200 than 1 

21. Formula - < - IMG Solvent Refined Coal="Getimg.Ipdl? 

N0000=15&N0001=Web342&N0002=004&N0003=JPA414503204_000055.Gif&N 
WIDTH= - "248"HEIGHT="16"ALT=" ID=000055" - > 

[ carbon atom and Cn are sxuface carbon of a cylinder-like graphite nature nanotube substantially among a 
formula, n is an integer, L is a number smaller than O.ln, m is a number smaller than 0.5n, R' is hydrogen, alkyl, 
aryl, cycloalkyl, an aralkyl, cyclo aryl, or Pori (alkyl ether), and R" is fluoro alkyl, fluoro aryl, fluoro 
cycloalkyl, or a fluoro aralkyl.] 

It is the approach of generating ♦**♦****, Compound which has surface carbon and formula R'CH20H under 
existence of a radical initiator, 

^ [Cn Hl^ch (r' ) OH ]. ^^^^mm^nfz^/^^-y^± 

****** — said approach of including the process made to react under sufficient conditions for a thing. 

22. The approach of claim 21 that said radical initiator is******** NZOIRU. 

23. Formula [C n Hl+Ad, 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among [type, n 
is an integer, L is a number smaller than 0. In, m is a number smaller than 0.5n, and it is each of A. 

0 0 0 0 0 

II II II II II 

OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY ttiit 

C=Y — since ~ it chooses — having — Y ~ protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate ~ it is — or R - OH and R ~ -N (R')2, R'SH, R*CHO, 
RCN, RX, RSiR3R' -N-f(R03X- and R'-R", R'-N-CO, 
(C2 Hi O-^wH. -eCa Hs O^wH. -^C2 H4 O )w -R' , 
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(C3 H« O -R' , R' *><fcC;f R' -N 




since ~ it chooses ~ having ~ R' ~ hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, or cyclo aryl ~ it is — R" ~ 
fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl ~ it is ~ X ~ halide ~ it is ~ Z ~ carboxylate or 
trifluoroacetate — it is — and — ] whose w is a larger and integer smaller than 200 than 1 
It is the approach of generating ********, 

(a) Mmmmt'pu< t% — D<Dmmiumt^. ^ ic„ h.^r„ cs^ 

Each of R is the same inside. S03H, COOH, NH2 and OH, CH(R') OH, CHO, CN COCl, halide, COSH, SH, 
S i R' 3 , S 1 OR' ^.R' 3 , , 

COOR',SR',S i-<r O-S i R' z^OR' , R' , Li, A 1 R' z , Hg-X, 

T1Z2 and Mg-X from ~ permutation nano CHU which is chosen and has] whose y is three or less integer it 
reacts under sufficient conditions to generate BU ~ making ~; — and 

(b) g^-f-yf-^-y [C„ HL^-Rm t'J^U< th—ocDMXOt^Umt^. 

Said approach of including many processes made to react under sufficient conditions. 
24. Formula CCn Hl^-Ab, 

CEirbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube among [type at the real target 
which has larger die length / diameter ratio than 5, and a diameter smaller than 0.1 micro, n is an integer, L is a 
number smaller than O.ln, m is a number smaller than 0.5n, and it is each of A. 

0 0 0 0 0 

II II II II II 

OY, NHY. C-OY. C-NR' Y, C-SY, C-Y. -CR' ,-OY. N=Y, -NHCY ^tzlt 

C=Y ~ since ~ it chooses ~ having ~ Y ~ protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate ~ it is ~ or R'- OH and R ~ '-N (R')2, R'SH, R'CHO, 
R'CN, R'X, R'SiR'3, R' -N+(R')3X- and R'-R", R'-N-CO 
(C2 H4 O^wH, -fCs He OwH. -eCz H4 O )w -R' , 



A 



(C3 He O \ -R' , R' *Ji;Cf R' -N 

o 

since — it chooses ~ having ~ R* ~ hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, or cyclo aryl ~ it is — R" — 
fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is ~ X — halide — it is Z ~ carboxylate or 
trifluoroacetate — it is — and — ] whose w is a larger and integer smaller than 200 than 1 
It is the approach of generating ********^ 

(a) &mmmt<pu< th-':><Dmw£umt^. ^ [c„ Hl+r™ m 
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Inside and each of R S03H, COOH, NH2 and OH, CH(R') OH, CHO, CN COCl, halide, COSH, SH, COOR', 
S i R' 3 . S i-h OR' -^yR' 3-, . 

SR',S i-e 0-S i R' E-^OR' , R' , Li, A 1 R' 2 , Hg-X, 

T1Z2 and Mg-X from ~ permutation nano CHU which is chosen and has] whose y is three or less integer it 
reacts under sufficient conditions to generate BU ~ making ~; ~ and 

Cb) gj^^y^^-^ [c„ H,.4-Rn. ti>fi< t^~-^(DMwmmt^. 

Said approach of including many processes made to react under sufficient conditions. 
25. Formulate n Hi. -9- A™ 

carbon atom and Cn do not contain pyrolysis adhesion carbon substantially among [type ~ substantial — the 
surface carbon of a cylinder-like graphite nature nanotube — it is .-- n ~ an integer — it is ~ L ~ a number 
smaller than 0. In ~ it is — m ~ a niunber smaller than 0.5n ~ it is — each of A 
0 0 0 0 0 

II II II II II . . 

OY. NHY, C-OY, C-NR' Y. C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY ttzit 

C=Y ~ since — it chooses ~ having ~ Y ~ protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate ~ it is ~ or R'- OH and R ~ '-N (R')2, R'SH, R'CHO, 
R'CN, R'X, R'SiR'3, R' -N+(R')3X- and R'-R", R'-N-CO 

(C2 H4 o^wH, -ecs He o^wH. -ec2 h4 o )« -r' . 



A 



(C3 H« 0 )w -R' , R' ^Xtf R' -N I 

0 

since — it chooses ~ having ~ R* ~ hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, or cyclo aryl — it is ~ R" — 
fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — X ~ halide ~ it is ~ Z ~ carboxylate or 
trifluoroacetate — it is — and — ] whose w is a larger and integer smaller than 200 than 1 
It is the approach of generating ********^ 

(a) ^mmmti}>u< th — o<Dmms.uMt^. ^ [c„ h,.+r. 

Inside and each of R S03H, COOH, NH2 and OH, CH(RO OH, CHO, CN COCl, halide, COSH, SH, COOR', 

S i 3 , S i OR' ^yR' 2-y , 

SR',S i -4- O-S i R' E-^OR' . R^ . L i. A 1 R' z , Hg-X, 

T1Z2 and Mg-X from — permutation nano CHU which is chosen and has] whose y is three or less integer it 
reacts under sufficient conditions to generate BU — making — ; — and 

(b) g«|:^yf'^-7^ [C„ Ht^-Rcn t'J^^Sii th-^CDMWlUmt^s 

^ [c„ H,.-3-Am ^^-t^'^m<t^ntzi-^^^-y'^±m'^(7>iz 

Said approach of including many processes made to react imder sufficient conditions. 
26. FormulaCCn Hl4-A« 
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C2irbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among [type, n 
is an integer, L is a number smaller than O.ln, m is a number smaller than 0.5n, and it is each of A. 
0 0 0 0 0 

II fl II II II 

OY. NHY. C-OY, C-NR' Y, C-SY, C-Y, -CR' 2-OY, N=Y, -NHCY ^tzit 

C=Y — since ~ it chooses — having — Y — protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate — it is — or R - OH and R — -N (R')2, R'SH, R'CHO, 
RCN, R'X, R'SiR'3, R! -N+(R»)3X- and R^R", R-N-CO 
(C2 H. O^wH, -f Cs He O^wH, -^C2 O )w -R' , 



(C3 He O )w -R' , R' 43^a R' -N 




since — it chooses ~ having — R — hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, or a SHIKUROA reel — it is — 
R" — fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — X — halide ~ it is — Z — 
carboxylate or trifluoroacetate ~ it is ~ and — ] whose w is a larger and integer smaller than 200 than 1 
It is the approach of generating ******* *^ 

g^^^-y^^-yTCn Hl^-r. t'j^ui th—o(Dmwmmt^. ^ 
[Cn Hu-^A„ ^^^^m^it^ntz-^ y ^z^-y^±^i^^(Di;i-t^fsi^^ 

Including the process made to react in the bottom, it is the same and each of R is S03H, COOK, NH2 and OH, 
CH(R») OH, CHO and CN, COCl, halide, COSH, SH, COOR, SR\ and SiR3, 
S i-e OR'-^.R' 3-v . S i O-S i R' 2^0R' . R" . L 

AIR'2, Hg-X, T1Z2, and Mg-X ~ since — said approach it is chosen and y is three or less integer. 
27. Formulate n Hl+A™ 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube among [type at the real target 
which has larger die length / diameter ratio than 5, and a diameter smaller than 0.1 micro, n is an integer, L is a 
number smaller than 0. In, m is a nvimber smaller than 0.5n, and it is each of A. 

0 0 0 0 0 

II II II II II 

OY, NHY, C-OY, C-NR' Y, C-SY, C-Y. -CR^ 2-OY, N=Y, -NHCY ^tzdi 

C=Y -- since — it chooses — having — Y ~ protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate - it is — or R'- OH and R ~ *-N (R*)2, R'SH, RCHO, 
R'CN, R'X, R'SiR*3, R' -N+(R')3X- and R'-R", R'-N-CO 
CC2 H4 0->-wH. C. Hb 04-wH. -f C2 H4 O )w -R' , 



(Ca He O ). -R' , R' *5ckC; R' -N 
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since ~ it chooses ~ having — — hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, or cyclo aryl — it is ~ R" ~ 
fluoro alkyl, fluoro eiryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — X — halide ~ it is ~ Z — carboxylate or 
trifluoroacetate — it is — and — ] whose w is a larger and integer smaller than 200 than 1 
It is the approach of generating ********^ 

g^^^y^^-"/ [c„ Hl+r. <h/i>^ci< (bt> — DcomwsiUmt^. ^ 

Includmg the process made to react in the bottom, each of R is S03H, COOH, NH2 and OH, CH(R') OH, CHO 

and CN, COCl, halide, COSH, SH, COOR, SR, and SiR3, 

S i ^ OR'"->-.R' a-y , S i -e- O-S i R' 2^0 R' . . L i. 

A1R2, Hg-X, T1Z2, and Mg-X — since ~ said approach it is chosen and y is three or less integer. 
28. Formulate n Hl+A« 

carbon atom and Cn do not contain pyrolysis adhesion carbon substantially among [type ~ substantial — the 
surface carbon of a cylinder-like graphite nature nanotube — it is — n — an integer — it is ~ L — a number 
smaller than O.ln — it is — m — a number smaller than 0.5n — it is ~ each of A 

0 0 0 0 0 ~ - _ 

II II II II II 

OY, NHY, C-OY, C'NR' Y, C-SY, C-Y, -CR' ^-OY, N=Y, -NHCY ttzii 

C=Y — since ~ it chooses ~ having ~ Y — protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate ~ it is — or R - OH and R ~ -N (R')2, R'SH, RCHO, 
RCN, RX, RSiR3, R' -N+(R')3X- and R-R", R-N-CO 
(C2 H4 O-^wH. ^Ca He O^wH. H4 O )w -R' . 



(C3 Hb O )w -R' , R' fcctOf R' 



since — it chooses — having — R — alkyl, aryl, cycloalkyl, an aralkyl, or cyclo aryl — it is — R" — fluoro alkyl, 
fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is ~ X — halide — it is ~ Z — carboxylate or 
trifluoroacetate — it is — and — ] whose w is a larger and integer smaller than 200 than 1 
It is the approach of generating ******* *^ 

Including the process made to react in the bottom, each of R is S03H, COOH, NH2 and OH, CH(R') OH, CHO 

and CN, COCl, halide, COSH, SH, COOR, SR, and SiR3, 

S i-^ OR'^vR' ^ y . Si-^O-SiR' 2^0R' • R" . L i, 

A1R2, Hg-X, T1Z2, and Mg-X — since — said approach it is chosen and y is three or less integer. 
29. Formulate n Hl^- TR' -A ]«, 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among [type, n 
is an integer, L is a number smaller than O.ln, m is a number smaller than 0.5n, R' is alkyl, aryl, cycloalkyl, an 
aralkyl, cyclo aryl, or Fori (alkyl ether), X is halide, and it is each of A. 
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0 0 ^0 0 0 

II II II II II 

OY, NHY, C-OY, C-NR' Y, C-SY, C-Y, -CR' e-OY, N=Y, -NHCY ttzlt 

C=Y — since — it chooses — having — Y ~ protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate - it is - or R*-OH and R' -NH2, R'SH, R'CHO, 
S i R' 3 , -R' , R' -N-CO, (C2 H4 O^wH, 

R'CN,andR'X, C 3 He O^wH, C 2 H4 O )w -R' , (C3 He O )w -R' , 



R' *5cfc(/ R' -N 



since — it chooses — having — R" — fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — and 

- ] whose Z is carboxylate or trifluoroacetate 

It is the approach of generating ********^ 



[x] ID=000096 



Including the process made to react under sufficient conditions to generate - BU, each of R is S03H, COOH, 
NH2 and OH, CH(R') OH, CHO and CN, COCl, halide, COSH, SH> COOR', SR\ and SiR'3, 



AIR'2, Hg- X> T1Z2, and Mg-X — since — sai d approach it is chosen and y is three or less integer. 
30. Formula I — I 



carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among [type, n 
is an integer, L is a number smaller than O.ln, and m is a nximber smaller than 0.5n. a is zero or an integer 
smaller than 10. Each of R is S03H, COOH, NH2 and OH, CH(RO OH, CHO and CN, COCl, halide, COSH, 
SH, COOR\ SR\ and SiR3, 



A1R*2, Hg-X, T1Z2, and Mg-X — since — it chooses — having — y — three or less integer — it is — R' ~ alkyl, 
aryl, cycloalkyl, an aralkyl, or cyclo aryl — it is ~ X — halide ~ it is — X' — polykaryotic aromatic series, the 
poly hetero nucleus aromatic series, or a meta-ROPORI hetero nucleus aromatic series component — it is — R" - 
- fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is — and ~ ] whose Z is carboxylate or 
trifluoroacetate 

It is the approach of generating **♦****♦. Suitable macro circularization which is at legist one on the front face 
of a graphite nature nanotube 

^m^. ^ [c„ Hl4- [X' -Ra ] m ^m^?>'^m\:^tiiti-y^^-zr^ 

Said approach of including the^rocess made to adsorb under sufficient conditions generating. 
31. FormulaCCn Hl^ [X — Aa ] m 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among [type, n 
is an integer, L is a number smaller than O.ln, m is a number smaller than 0.5n, a is an integer smaller than 10, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/10/2005 



JP,2002-503204,A [CLAIMS] Page 14 of 17 



0 0 0 0 0 

II II II II « 

and it is each of A. OY, NHY, C-OY, C-NR' Y, C-SY, C-Y. -CR' i-OY, N=Y, -NHCY tftit 

C=Y ~ since ~ it chooses ~ having ~ Y ~ protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable functional 
group of the transition state analog of an enzyme substrate ~ it is ~ or R'-OH and R' -NH2, R'SH, R'CHO, 
R' S IR' 3 , R' -R' . R' -N-CO. CC2 H, 04-wH, 

-^Ca He 0-)-.H, -eCz H4 O )w -R' , (C3 Hb O )* -R' , 



R' ^XXJP R' -N 




R'CN, and R'X, 

since ~ it chooses — having ~ R' ~ hydrogen, alkyl, aiyl, cycldalliyl, an aralkyl^ of cyclo aryl -- it is— R" 
fluoro alkyl, fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl — it is ~ X ~ halide ~ it is ~ X' ~ polykaryotic 
aromatic series, the poly hetero nucleus euromatic series, or a meta-ROPORI hetero nucleus aromatic series 
component — it is — Z — carboxylate or trifluoroacetate — it is — and — ] whose w is a larger and integer smaller 
than 200 than 1 

It is the approach of generating ********. it is at least one suitable macro on the front face of (a) graphite 
nature nanotube.^=l^^k^«9^s ^ CC „ Hu ^ [X' - R. ] « C^4'. R®#^« 

S03H, COOH, NH2, OH, CHO and CN, COCl, halide COSH, SH, COOR', SR', SiR'3, 
S i^OR' -)-.R' 3 , . S i -^O-S i R' 2^0R' , R' , 

Li, AIR'2, Hg-X, T1Z2, and Mg-X from ~ permutation nano CHU which is chosen and has] whose y is three or 
less integer it adsorbs under sufficient conditions to generate BU ~ making ~; ~ and 
(b) ^^'f-J^^-'f [C. Hl4- CX' -R, ] ™ <»:'>/i< <!:4>— oO® 

w^umt^. ^ [c„ H,.^ [X' -Aa ] „ ^^-r^^nm^t^tifz 

Said approach of including many processes made to react under sufficient conditions generating a nanotube. 
32. FormulaCCn Hl ^ [X' -Aa ] «. 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among [type, n 
is an integer, L is a number smaller than O.ln, m is a number smellier than 0.5n, a is an integer smaller than 10, 

0 0 0 0 0 

II II II II II 

and it is each of A. OY, NHY. C-OY. C-NR' Y, C-SY, C-Y, -CR' z-OY, N=Y. -NHCY ttzit 

C=Y — since — it chooses ~ having ~ Y ~ protein, a peptide, amino acid, an enzyme, an antibody, an 
oligonucleotide, a nucleotide, an antigen or an enzyme subsfrate, enzyme inhibitor, or the suitable frmctional 
group of the fransition state analog of an enzyme substrate — it is — or R'-OH and R' -NH2, R'SH, R'CHO, 
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R' S i R^B , R' -R' . R' -N-CO. CCa H4 O^wH. 
-(-C3 He O^wH, -e-Cz H, O -R' , (C3 H. O \ -R' , 



R' *j<kc;f R' -N 




R'CN, and R-X, 

since - it chooses ~ having ~ R' — alkyl, aryl, cycloalkyl, an aralkyl, or cyclo aryl — it is ~ R" — fluoro alkyl, 
fluoro aryl, fluoro cycloalkyl, or a fluoro aralkyl ~ it is ~ X ~ halide — it is ~ X' ~ polykaryotic aromatic series, 
the poly hetero nucleus aromatic series, or a meta-ROPORI hetero nucleus aromatic series component ~ it is ~ 
Z — carboxylate or trifluoroacetate ~ it is ~ and — ] whose w is a larger and integer smaller than 200 than 1 
It is the approach of generating ********^ 

[c„ Hl-9- cx' -r. ] „ t{i^t£i th—:)omwm 



The process made to react is included xmder sufficient conditions to generate, and each of R is S03H, COOH, 
NH2, OH, CHO and CN, COCl, halide, and CO. 

SH. SH. COOR' . SR' , S i R' 9 . S i OR'^y R' a-y , 
Si-(-0-SiR'2^0R', R', Li. AIR' 8, Hg-X, Tl 
Z2 and Mg-X ~ since ~ said approach it is chosen and y is three or less integer. 

33. FormulaCC„ Hl-3-<-CNHR' NHe ) ™ 

( carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among a 
formula, n is an integer, and L is a number smaller than O.ln, and m is a number smaller than O.Sn, and R' is 
alkyl, aryl, cycloalkyl, or cyclo aryl) 
It is the approach of generating 

mmmmt<}>ts:< t^—D<Dmmmmt^. ^ cc„ Hl^cooh) . 

It is made to react under sufficient conditions to generate the organic-fimctions-ized nanotube which ***♦.; 
and — Formula of the organic-functions-ized nanotube and the compoimd which has an amino group two or 

I! 

morethanitCCn Hl^CNHR' NH^ ) . 

Said approach including many processes made to react under sufficient conditions to generate the organic- 
functions-ized nanotube which ***♦. 

34. Formula [ C n Ht-^-Rm 

carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among [type, n 
is an integer, L is a number smaller than O.ln, and m is a number smaller than 0.5n. It is the same and each of R 
is S03H, COOH, NH2 and OH, CH(RO OH, CHO and CN, COCl, halide, COSH, SH, COOR*, SR', and SiR3, 
Si-^0R'-^,R'3^v, Si-e-O-SiR' z-^-OR' , R^ . L i. 

A1R2, Hg-X, T1Z2, and Mg-X — since — it chooses — having — y — three or less integer — it is — R' — 
hydrogen, alkyl, aryl, cycloalkyl, an aralkyl, or cyclo aryl — it is — R" — fluoro alkyl, fluoro aryl, fluoro 
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cycloalkyl, or a fluoro aralkyl — it is — X — halide — it is — ] whose Z is carboxylate or trifluoroacetate 
It is the approach of generating ♦*♦*****. Surface carbon and at least 1 which can receive a nanotube as a 
substrate -^^^^t^SJfG^-li:. -eLT^ [C„ Hi^-R. ®«5M®ffi^#r^i*:i;^^b^ 

Said approach including the process which performs under permissible conditions that this at least one enzyme 
reacts this reaction under aquosity suspension. 

35. The approach of claim 34 that Rm is -OH and an enzyme is CHITORO chromium P450 enzyme or a 
peroxidase. 

36. Formula[Cn Ht^-^NHa ) m 

( carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube substantially among a 

formula, n is an integer, and L is a number smaller than O.ln, and m is a number smaller than 0.5n) 

the approach of generating ******** — it is — surface carbon is reacted with a nitric acid and a sulfuric acid — 

making — a nitric-acid-ized nanotube — generating — ; — and 

mmt:hJ^^-^^m^LX [Cn Hl-J-^NHz ) „ ^^^ir6 

Said approach including many processes. 

37. Approach a functional group permutes the front face of a carbon nanotube including contacting a carbon 
nanotube to the effective dose of the reagin which can permute a functional group by homogeneity on the front 
face of this carbon nanotube with homogeneity. 

38. The approach of claim 37 that reagin is a phthalocyanine. 

39. The approach of claim 38 that reagin is a nickel (II) phthalocyanine tetra-sulfonic-acid (tetra-sodium salt) or 
1, 4, 8, 11, 15, 18 and 22, 25-octabutoxy-29H, and 31H-phthalocyanine. 

40. Surface qualification carbon nanotube manufactured by the approach including contacting a carbon 
nanotube to the effective dose of the reagin for permuting a functional group on the front face of this carbon 
nanotube. 

41 . The surface qualification carbon nanotube of claim 40 whose reagin is a phthalocyanine. 

42. The surface qualification carbon nanotube of claim 42 whose reagin is a nickel (II) phthalocyanine tetra- 
sulfonic-acid (tetra-sodium salt) or 1, 4, 8, 11, 15, 18 and 22, 25-octabutoxy-29H, and 31H-phthalocyanine. 

43. The method including the process at which the nanotube which supports a NHS ester group, and protein are 
contacted under sufficient conditions to form covalent bond between NHS ester and a proteinic amine radical of 
making protein connect with a nanotube. 

44. The electrode containing the organic-functions-ized nanotube. 

45. The electrode of claim 44 whose electrode is porous FUROSURU 1 electrode. 

46. The electrode of claim 45 whose organic-functions-ized nanotube is a phthalocyanine permutation 
nanotube. 

47. from at least two functionality fibrils with which it is foam which consists of multiplex [ of the network 
structure of the organic-functions-ized nanotube ], and the network structure of the organic-functions-ized 
aforementioned nanotube is connected by at least one linker component by the functional group — becoming — 
said linker component — two functionality or polyfunctional — said foam which is either. 

48. It is Approach of Separating Object Solute from Sample. Surface Carbon of Graphite Nature Nanotube is 
Embellished with Bottom of Sufficient Conditions to Generate Organic-Functions-Ized Nanotube Physically or 
Chemically with at Least One Suitable Reagent.; 

the substrate in which an object solute and association are possible on the organic-functions-ized nanotube — 
fixing — ; — and — Said approach of including many processes which put a permutation nanotube to an object 
solute content fraction under sufficient conditions for an object solute combining with the substrate fixed on the 
organic-functions-ized nanotube. 

49. The approach of claim 48 that an object solute is protein. 

50. The approach of claim 49 which includes the process which collects the organic-fimctions-ized nanotubes 
further. 

5 1 . The approach of claim 48 which has the organic-functions-ized nanotube in the gestalt of a porous mat. 

52. The approach of claim 48 which has the organic-functions-ized nanotube in the gestalt of a packed colunm. 
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53. The approach of claim 48 that association is reversible. 

54. The approach of claim 48 that association is an ionicity interaction. 

55. The approach of claim 48 that association is a hydrophobic interaction. 

56. Association comes out through unique molecular recognition, and it is the approach of a certain claim 48. 

57. The polymer bead which has the diameter smaller than 25micro connected with the plurality of the organic- 
fimctions-ized nmotube and which essentially contains a globular form bead. 

58. The polymer bead of claim 57 whose bead is magnetism. 

59. At Least One Reagin is the Approach of Carrying Out Catalyst of the Reaction Converted into at Least One 
Product. Surface Carbon of Graphite Nature Nanotube is Embellished with Bottom of Sufficient Conditions to 
Generate Organic-Functions-Ized Nanotube Physically or Chemically with at Least One Suitable Reagent.; 

the biocatalyst which can carry out the catalyst of the reaction on the organic-functions-ized nanotube — fixing - 
— and ~ Said approach including many processes at which the organic-functions-ized nanotube and reagin (an 
unit or plurality) are contacted xmder sufficient conditions for reagin (an imit or plurality) to convert into a 
product (an unit or plurality). 

60. The approach of claim 59 which includes further the process which collects the organic-functions-ized 
nanotubes afler a reaction is completed. 

61. The approach of claim 59 which has the organic-functions-ized nanotube in the gestalt of a porous mat. 

62. The approach of claim 59 which has the organic-functions-ized nanotube in the gestalt of a packed colimm. 

63. The approach including the process which combines the end amino group of a peptide with a nanotube 
through a reversible linker of compounding a peptide. 

64. The approach of claim 63 that a linker is 4-(hydroxymethyl) phenoxyacetic acid. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPZ are not responsible for €my 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Organic-functions-ized nanotube Cross reference of related application This application is the U.S. application 
08th for which it applied on December 8, 1994 / No. 352,400. 

It is ****** continuation application and the contents of original application are incorporated into tiiis 
application specification. 

field of invention large — this invention ~ a chemical permutation — or tubular fiiUerene (a "B AKKI tube" is 
usually called) and fibril are also included about the graphite nature nariotube organic-fiinctions-ized by 
adsorption of a functionality component. In more detail, or this invention is uniformly permuted with the 
vmuniformity by the chemical constituent, a specific cyclic compovmd is related with this organic-fiinctions-ized 
fibril or the complex structure (complex structure) which is connected mutually and changes conceming [ and ] 
the graphite nature nanotube currently adsorbed. 

This invention relates to the approach of introducing a fimctional group into the fi-ont face of this fibril again. 
Background of invention This invention is often a vacuum evaporationo growth carbon fiber (vapor grown 
carbon fiber). 

It belongs to the field of the submicron graphite nature fibril called. Carbon fibril is desirable fiirther more 
desirable bar MIKYURA [ smaller than O.Smicro ] smaller than 0.2micro with a diameter smaller than 
1 .Omicro. Carbon It is a deposit (vermicular carbon deposit). Although they exist with various gestalten, it is 
manufactured through catalytic cracking in the surface of metal of various carbon content gases. This bar 
MIKYURA Carbon The deposit has almost been observed since the appearance of an electron microscope, 
investigation and data of a stage early enough — Baker and Harris, Chemistry and Physics of Carbon, Waker 
and Thrower ed., and Vol. ~ it is foimd out by 14, 1978, and p.83, and it is included in this application detail in 
the letter. Moreover, with reference to Rodriguez, N., J.Mater.Research, Vol.8, and p.3233 (1993), it is also 
incorporated into this application specification. 

Endo and others (Obelin, A., and Endo, M., J.of Crystal Growth, VoL32 (1976), pp.335 -349 reference, and it 
are incorporated into this application specification) solved the fiindamental mechanism of growth of this carbon 
fibril in 1976. Under existence of a hydrocarbon content gas, it turned out that it originates in the metal catalyst 
particle which it comes to supersaturate in carbon. The graphite core to which ordering of the shape of a 
cylinder was carried out is extruded, and according to Endo and others, it will be immediately covered with the 
outer layer of pyrolysis adhesion graphite (pyrolytically deposited graphite). A diameter exceeds 0.1 micro and, 
more generally these fibrils that have a pyrolysis overcoat are 0.2-0.5micro. 

It succeeded in a tenant's (Tennent) U.S. Pat. No. 4,663,230 (this being incorporated into this application 
specification) growing up the graphite core to which ordering of the shape of a cylinder which is not polluted 
with pyrolytic carbon was carried out in 1983. Therefore, a tenant's invention offered acquisition on the fi-ont 
face of graphite where ordering of the smaller diameter is typically carried out acquisition of 35-700A (0.0035- 
0.070micro) fibril, and when [ "when it grows up (asgrown)" ]. However, although it did not have the outer 
layer of pyrolytic carbon, the fibril carbon of the structure which is not more perfect also grew. 
The organic-fiinctions-ized fibril in this application, a BAKKI tube, and a nanotube are distinguished fi-om the 
continuation carbon fiber marketed as reinforcing materials. In contrast with the fibril which cannot avoid being 
limited although an aspect ratio is large to a desirable thing, an aspect ratio (ratio of length to diameter) is at 
least 104, and a continuation carbon fiber is often 106 or more. Moreover, it is farther [ than that of fibril ] large, 
and the diameter of a continuation fiber is >1. Omicro and, typically, are always 5-7micro. 
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A continuation carbon fiber is manufactured by the pyrolysis of organic precursor fiber, usual, nylon, 
polyacrylonitrile (PAN), and pitch **. Therefore, probably, they include the hetero atom inside the structure. 
"When manufactured (as made)", the graphite property of the carbon fiber of continuation is various, however 
those fibers may receive a graphite chemically-modified degree later. If it exists, a difference of the amount of 
preferred orientation and degree of crystallinity, the possibility of the existence of a hetero atom, and an 
experience according [ an absolute difference of a substrate diameter ] to a continuation fiber fiirther will not be 
[ whenever / graphite-ized / of a graphite flat surface ] usefiil to anticipation of nano fiber chemistry. 
The carbon fibril which has the graphite outer layer of parallel a large number substantially on a fibril shaft: is 
indicated by a tenant's U.S. Pat. No. 4,663,230 without containing the thermal carbon jacket of continuation. 
For example, they will be characterized as what has a perpendicular c-axis (that is, it is substantially 
perpendicular to those cylinder shafts) to the tangent of the curve layer of graphite. Generally they have the 
diameter of 0.1 micro or less, and the die length / diameter ratio of at least 5. Desirably, they do not contain 
substantially the pyrolysis adhesion carbon brought about fi-om the thermal carbon jacket of continuation, i.e., 
the pyrolysis of the charge of a gas feed material used for manufacturing them. 

the ** which does not contain a thermal jacket in a tenant's U.S. Pat. No. 5,171,560 (this is included in this 
application detail in the letter) — a fibril shaft: — substantial — an parallel graphite layer — having — the 
projection of said layer on said fibril shaft ~ a fibril diameter ~ even if few, the distance stretch ****** carbon 
fibril for two is indicated. Typically, it is a cylinder-like graphite nature nanotube and, as for it, the c-shaft 
becomes the real target with which this fibril has a fixed diameter substantially from the sheet of the graphite of 
the shape of a cylinder of a substantially perpendicular place to the cylinder shaft. They do not contain pyrolysis 
adhesion carbon substantially and have a diameter smaller than 0.1 micro, and larger larger die length / diameter 
ratio than 5. These fibrils are interested in in the first place also in this invention. 

The fiirther detail about generation of the carbon fibril aggregate The United States patent application No. 
149,573 of Snyder and others of January 28, 1988 application (Snyder), And PCT application US 89/No. 
("carbon fibril") 00322 WO 89/07163 and United States patent appUcation No. 413,837 of Moi and others of 
September 28, 1989 application (Moy) of Januaiy 28, 1989 application, the [ and / of September 27, 1990 
application / PCT application ] — it is found out in the indication of US90/No. ("fibril aggregate and its 
process") 05498 W09 1/05089**. These are transferred by each to the same grantee as this invention, and all arc 
incorporated into tiiis application specification. 

The United States patent application 07th of Moi and others of May 22, 1992 application / No, 887,307 
[ (this is incorporated into this application specification), and ] The fibril manufactured as an aggregate which 
has various macroscopic gestalten is indicated. (When it measures by scanning electron microscope detection 
method) There ; which is entangled at random mutually so that they may form the ball with which the fibril 
similar to the blow hole (bird nest) ("BN") of a bird became entangled Or exist as the aggregate which has the 
same relative alignment substantially and has the appearance of a worsted yam (combed yam) ("CY") and 
which consists of a straight bundle to distorted carbon fibril or it bent slightly. For example, the major axis of 
each fibril is; prolonged in the same direction as it of the fibril surrounded in the bundle, or "opening network 
(open net)" ("ON") (irrespective of each deflection or torsion). 

Or it bent slightly, it exists as the aggregate which is entangled loosely mutually so that structure may be 
formed and which is straightly constituted to distorted fibril. Although the degree of a tangle of fibril is larger 
than what is observed in the worsted yam (each fibril has the same relative alignment substantially)-aggregate 
in opening network stmcture, it is fewer than that of the blow hole of a bird. CY aggregate and CN aggregate 
are distributed more easily than BN, and they are carried out, and if that is effective in manufacture of the 
complex with which the whole structure is expected a uniform property, it closes them. 
The carbon flat surface in the cross section of a graphite nature nanotube wears a herringbone (herring bone) 
appearance on a distance stretch ****** case with the projection of the graphite layer on a fibril shaft smaller 
than two fibril diameters. It is a fish bone about these. Fibril is called. U.S. Pat. No. 4,855,091 (this is 
incorporated into this application specification) of GIASU (Geus) is a fish bone which does not contain a 
pyrolysis jacket substantially. The manufacture procedure of fibril is offered. These fibrils are also effective in 
operation of this invention. 

The carbon nanotube which has a gestalt similar to the fibril which grew by the above-mentioned catalysis grew 
with the hot carbon arc (lijima and Nature 354, 56, and 1991). Now, generally it is accepted that these arc 
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growth nanotube has the same gestalt as a tenant's catalyst growth fibril (Weaver and Science 265 1994). 
Carbon which carried out arc growth A nanotube is also effective in this invention. 

In the United States patent application No. (this is incorporated into this application specification) 351,967 of 
McCarthy and others (McCarthy) for whom it applied on May 31, 1989 Sufficient reaction condition to indicate 
the approach of oxidizing the front face of carbon fibril, and for it oxidize the front face of fibril It includes 
contacting fibril to the oxidizer which a sulfiiric acid (H2S04) and potassium chlorate (KC103) also include 
under for example, (time amount, temperature, and a pressure). The fibril which oxidized according to 
McCarthy's and others approach has oxidized to Mr. un-1 , namely, the carbon atom is permuted by the mixture 
of carboxyl, an aldehyde, a ketone, a phenol, and other hydrocarbon groups. 

Fibril oxidized to Mr. un-1 also by processing by the nitric acid. Generation of the oxidization fibril containing 
the mixture of a fimctional group is indicated by intemational application PCTAJS 94/10168. Moreover, M.S. 
hoe gene birds (Hoogenvaad) ("metal catalyst supported on the new carbon base material (Metal Catalysts 
supported on a Novel Carbon Support)" shown by the 6th intemational congress about the scientific foundation 
for manufacture of a heterogeneity catalyst held by BURUSSERU of Belgium in September, 1994) have found 
out that it is advantageous to manufacture of fibril support noble metals to oxidize a fibril front face first with a 
nitric acid. In the manufacture of a precious metal catalyst by which this pretreatment by the acid was supported 
with carbon, it is a standard process, and if the usual source of this carbon is given in that case, it will be helpful 
to make into clarification the front face of the ingredient which is not desirable the same with organic-fimctions- 
izing it. 

In the exhibited research, in order to prove that McCarthy and bending consisted of radicals with various 
(McCarthy and Bending, Polymer Preprints ACS Div.of Polymer Chem.30(l) 420 (1990)) and front faces 
which oxidized, the derivative of oxidization fibril was manufactured. **, such as a compoimd which they 
manufactured, a phenylhydrazone, halo aromatic series ester, and thallixmi salt, were chosen for reasons of 
having the reinforcement and the mark which is identified easily and distinguished of those analysis usefiilness, 
for example, color skillfiiUy, or a certain others. These compounds were not isolated and, unlike the derivative 
indicated here, do not have semantics in practice. 

Many applications are found out by carbon fibril and the carbon fibril aggregate as indicated by the above- 
mentioned patent and patent application, but if a fibril front face is organic-fiinctions-ized, the important 
application from which a large number differed will be developed, homogeneity or an ununiformity ~ it makes 
it possible for one of organic-fiinctions-ization to enable the interaction of the organic-fiinctions-ized fibril and 
various substrates to generate the peculiar constituent of the matter which has a peculiar property, and to build 
the fibril structure based on association between the functionality sites on the front face of fibril. 
The purpose of invention The first purpose of this invention is offering the fibril with which the front face's is 
embellished by homogeneity or the ununiformity (modified), as it has the fibril organic-fimctions-ized, i.e., the 
fimctionality chemical entity combined with it. 

Another related pinpose of this invention is offering the fibril by which the front face's is organic-fimctions-ized 
by the reaction with the chemical medium to oxidize or other chemical media. 

Still more nearly another related purpose of this invention is offering the fibril which is based on physical 
adsorption of the kind which the front face's is based on a chemical reaction, or has chemical reactivity in itself, 
or is xmiformly embellished by either. 

Still more nearly another purpose of this invention is offering the fibril which the front face's is embellished by 
oxidization and is fiirther embellished by the reaction with a fimctional group. 

Or fibril can react to the chemical group in various substrates chemically, still more nearly another related 
purpose of this invention is offering the fibril with which the front face's is embellished by the fimctional group 
of a certain range so that it can join together physically. 

Still more nearly another related purpose of this invention is offering the complex structure of fibril by making 
the functional group on fibril connect mutually according to the linker chemical action of a certain range. 
Still more nearly another related purpose of this invention is offering the approach of making a seed sticking to 
the front face of the approach of embellishing a fibril front face chemically, and fibril physically, as the 
functionality component combined with the front face of fibril is offered in each case. 

Still more nearly another purpose of this invention is offering the de-novo-synthesis object of the matter which 
used fibril organic-functions-ized as the base material. 
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Easy explanation of a drawing Drawing 1 is a plane. Fibril, carboxy It is a graph showing assay of BSA 
association to fibril and the fibril embellished with PEG. 

Drawing 2 is a graph showing assay of beta lactoglobulin association to the carboxy fibril and PEG 
qualification fibril which were manufactured by two different approaches. 

Drawing 3 is a tertiary amine. Fibril It is a graph showing the elution profile of the bovine serum albumin 
(bovine serum albumin) (BSA) in a column. 

Drawing 4 is quatemary amine. Fibril It is a graph showing the elution profile of BSA in a colvimn. 

Drawing 5 is the reaction sequence for manufacturing the DIN DORIMA nature fibril (dendrimeric fibril) of a 

lysine system. 

Drawing 6 is a graph showing the cyclic voltamogram use by tiie flow cell of iron phthalocyanine qualification 
fibril is proved [ cyclic voltamogram ]. 

Drawing 7 is the reaction sequence for manufacturing bifimctional fibril by addition of a NE-(tert- 
butoxycarbonyl)-L-lysine. 

Drawing 8 is a graph showing the result of composition of the ethyl butylate which uses the lipase fixed by 
fibril. 

Drawing 9 is a graph showing the result of having used AP inhibitor qualification fibril and having separated 
AP fi-om alkaline phosphatase (AP) and the mixture of the beta-galactosidase (betaG). 

Drawing 10 is a graph showing the result of having separated betaG firom the mixture of AP and betaG using 
betaG qualification fibril. 

Detailed description This invention is a formula widely. [ C n Hl "+ R« 

n is an integer among [type, L is a number smaller than O.ln, m is a number smaller than 0,5n, each of R is the 
same, and it is S03H, COOH, NH2 and OH, R'CHOH, CHO and CN, COCl, halide, COSH, SH, COOR, SR', 
andSiR3,S i OR^^v R' a-. , S i -4- Q-S i R' 2-^OR' . R" , L i , 

AIR'2, Hg-X, T1Z2, and Mg-X ~ since ~ it chooses ~ having — y — three or less integer — it is — R' — 
hydrogen, alkyl, aryl, cycloalkyl or an aralkyl, cyclo aryl, or Pori (alkyl ether) ~ it is ~ R" — fluoro alkyl, fluoro 
aryl, fluoro cycloalkyl, a fluoro aralkyl, or cyclo aryl — it is — x — halide — it is — and — ] whose Z is 
carboxylate or trifluoroacetate 
It is related with the compost which ****. 

A carbon atom and Cn are surface carbon of a cylinder-like graphite nature nanotube at the real target which has 
a fixed diameter substantially. A nanotube includes larger die length / diameter ratio than 5, and what is smaller 
than O.Smicro that have a desirable diameter smaller than 0.1 micro. It can also be a cylinder-like graphite nature 
nanotube substantially, and a nanotube can be a more desirable thing which does not contain pyrolysis adhesion 
carbon substantially and which has the sheet of the graphite of the shape of a perpendicular cylinder on the 
cylinder shaft substantially [ the projection of the graphite layer on a fibril shaft / the distance stretch ****** 
thing for at least two of a fibril diameter and/or its c-axis ]. These constituents are viniform in each of R being 
the same. 

The nanotube permuted by the ununiformity is also manufactured. These are formulas. [Cn Hl H" Rm 

(The compost on condition of COOH not existing, when each of that each of R does not contain oxygen or R is 
an oxygen content radical although n, L, m, R, and the nanotube itself are as the above-mentioned definition 
among a formula) is included. 
Formula t C » Hl H" Rm 

(— a formula — inside ~ n — L — m — R — and — and — R — ' — the above ~ being the same ~ semantics — 
having — and ~ carbon — an atom — five — being large — die length ~ /-- a diameter — a ratio ~ having — a fish 

— a bone fibril ~ a fi"ont face — carbon — it is — ) — having — organic fimctions — izing — having had — a 

nanotube ~ this invention — including — having . These are uniformly permuted by the ununiformity. 
Preferably, a nanotube does not contain a thermal jacket and has a diameter smaller than O.Smicro. 
Moreover, in this invention, it is a form\ila. [ C. Hi+[ R' -R]- 
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The organic-functions-ized nanotube which has (n, L, m, R\ and R have the same semantics as the above 
among a fomiula) is also included. A carbon atom and Cn are surface carbon of a cylinder-like graphite nature 
nanotube at the real target which has a fixed diameter substantially. With larger die length / diameter ratio than 
5, a nanotube has a diameter [ smaller than O.Smicro ] smaller than O.lmicro preferably. A nanotube may be a 
nanotube which does not contain pyrolysis adhesion carbon substantially. As for a nanotube, the projection of 
the graphite layer on a fibril shaft has the sheet of the graphite of the shape of a perpendicular cylinder on the 
cylinder shaft more preferably substantially [ the distance stretch ****** thing for at least two of a fibril 
diameter, and/or its c-axis ]. 

the nanotube permuted by the nanotube permuted by homogeneity, and the ununiformity — sxirface carbon Cn 
has reacted also in which. In graphite, most carbon atoms in the surface layer of graphite nature fibril are basal 
plane carbon so that that may be right. Basal plane carbon is inactive comparatively to a chemical attack. The 
edge carbon atom of a graphite flat surface and a carbon atom of same class exist in the place where for 
example, the graphite flat surface has not extended completely around fibril in a defective site (see Urry, 
Elementary Equilibrium Chemistry of Carbon, Wiley, and New York 1989 about the argument on the carbon of 
an edge and a basal plane). 

Probably, in a defective site, the edge of the inner layer more under a nanotube or the carbon of a betsal plane is 
exposed, the basic surface of the lower layer which will come out and exist which has exposed the vocabulary 
and surface carbon in the defective site of the basic surface of the outermost layer of a nanotube, and not only 
the total carbon of an edge but the outermost layer, and/or an edge — botii of the carbon is included. Edge 
carbon is reactivity, and in order to fill a carbon valence, it must contain a hetero atom or a radical of a certain 
kind. 

The above-mentioned permutation nanotube may be organic-fimctions-ized fiirther advantageously. This 
compost is a formula. T C n Hl "3" Am 

Carbon is surface carbon of a nanotube among [type, n, L, and m are as above-mentioned, and it is each of A. 
0 0 0 0 0 

II II II II II 

OY, NHY, C-OY, C-NR'Y, C-SY, C-Y, -CRS -OY, N=Y, -NHCY ^fcti 

C=Y — since — it chooses — having ~ Y — protein, a peptide, amino acid, an enzyme, an antibody, a nucleotide, 
an oligonucleotide, an antigen or an enzyme substrate, enzyme inhibitor, or the suitable fimctional group of the 
transition state analog of an enzyme substrate - it is ~ or R*-OH and R! -NR2, R'SH, R'CHO, R'CN, and R'X, 
R' (R' ) 3 X- . R' S i R' a . R' S i-^ OR'^y R' 3 , , 

R' Si-^O-SiR' .^OR' , R' -R'. R' -N-CO, 

(C« H4 0 4w H, -f Ca He O^w-H, -^C2 H4 O) w -R' , 



O 




R' R' -N I 

V 

(C3H60)w-R\ O 



since ~ it chooses ~ having ~ And] whose w is a larger and integer smaller than 200 than 1 
******** is included. 

The diameter of a carbon atom and Cn is surface carbon of a cylinder-like graphite nature nanotube 
substantially at a fixed real target. A nanotube includes what has larger die length / diameter ratio than 5, and a 
desirable diameter [ smaller than O.lmicro ] smaller than O.OSmicro. A nanotube can be a cylinder-like graphite 
nature nanotube again at the real target which does not contain pyrolysis adhesion carbon substantially, more ~ 
desirable ~ them ~ the projection of the graphite layer on a fibril shaft distance stretch ****** for at least 
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two of a fibril diameter — it is characterized by things and/or they consist of sheets of the graphite of the shape 
of a perpendicular cylinder substantially [ the c-axis ] on the cylinder shaft. Preferably, a nanotube does not 
contain a thermal overcoat and has a diameter smaller than O.Smicro. 
Structure[CnHL + [R'~R ]„ 



A ******** nanotube is a formula. [ C d Hl + [ A ] m 



It may be organic-fiinctions-ized so that the compost which **** may be generated, n, L, m, R*, and A are as 
the above-mentioned definition among a formula. A carbon atom and Cn are surface carbon of a cylinder-like 
graphite nature nanotube at the real target which has a fixed diameter substantially. A nanotube includes what 
has larger die length / diameter ratio than 5, and a desirable diameter [ smaller than O.Smicro ] smaller than 
0.1 micro. A nanotube can be a cylinder-like graphite nature nanotube again at the real target which does not 
contain pyrolysis adhesion carbon substantially, more — desirable — them — the projection of the graphite layer 
on a fibril shaft — distance stretch ****** for at least two of a fibril diameter — it is characterized by things 
and/or they consist of sheets of the graphite of the shape of a perpendicular cylinder substantially [ the c-axis ] 
on the cylinder shaft. Preferably, a nanotube does not contain a thermal overcoat and has a diameter smaller 
than O.Smicro. 

The nanotube currently adsorbed in a ring compoxmd of a certain kind also includes the compost of this 
invention. These are formulas. [ C a H l ^ [X — R a ] « 



The compost of the matter of (n is an integer eimong a formula, L is a number smaller than O.ln, m is a number 
smaller than O.Sn, a is zero, or is a number smaller than 10, and X is polykaryotic aromatic series, the poly 
hetero nucleus aromatic series, or a meta-ROPORI hetero nucleus aromatic series component, and R is as 
above-mentioned) is included. A carbon atom and Cn are surface carbon of a cylinder-like graphite nature 
nanotube at the real target which has a fixed diameter substantially. A nanotube includes what has larger die 
length / diameter ratio than 5, and a desirable diameter [ smaller than O.Smicro ] smaller than 0.1 micro, a 
nanotube does not contain pyrolysis adhesion carbon substantially again — substantial — a cylinder-like graphite 
nature nanotube — it can be — and ~ more — desirable — the projection of the graphite layer on said fibril shaft - 
- distance stretch ****** for at least two of a fibril diameter — the thing characterized by things and/or its c-axis 
can have the sheet of the graphite of the shape of a perpendicular cylinder substantially on the cylinder shaft. 
Preferably, a nanotube does not contain a thermal overcoat and has a diameter smaller than O.Smicro. 
A desirable ring compound is ADOBANSUDO of a cotton and Wilkinson. Organic It is a plane large cyclic 
compound as indicated by 76 pages of chemistry (Cotton and Wilkinson, Advanced Organic Chemistry). More 
desirable cyclic compounds are Pori Phi Lynne and a phthalocyanine. 

The adsorbed cyclic compound may be organic-fimctions-ized. This constituent is a formula. 
[C» HlH-[X - A. J» 

The compound of (m, n, L, a, X, and A are as the above-mentioned definition among a formula, and carbon is 
surface carbon of a cylinder-like graphite nature nanotube substantially as above-mentioned) is included. 
The carbon fibril organic-fiinctions-ized as mentioned above may be incorporated into a matrix. Preferably, a 
matrix is an organic polymer (for example, heat-curing resin, for example, epoxy, bismaleimide, polyamide, or 
polyester resin; thermoplastics; reaction-injection-molding resin; or elastomer, for example, natural rubber, 
styrene-butadiene-rubber, or cis- - 1, 4-polybutadiene); inorganic polymer, for example, a polymer nature 
inorganic oxide, for example, glass, a metal (for example, lead or copper), or a ceramic ingredient (for example, 
Porto land cement). A bead may be formed from the matrix which has incorporated fibril. The organic- 
fimctions-ized fibril can be combined with the outside surface of the organic-fimctions-ized bead in an 
alternative. 

Although he does not plan to restrain in the specific theory, since the functional group (especially hydroxy ** is 
an amine radical) with which it was embellished since the surface characteristic by which reforming was carried 
out had the more good miscibility with a polymer couples the organic-fiinctions-ized fibril directly with a 
polymer as an end group, it is well distributed by the inside of the system of a polymer. By this technique, it 
makes it easy to distribute a polymer system like a polycarbonate, polyurethane, polyester, or a 
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polyamide/imide with the adhesion which it coupled [ adhesion ] directly with fibril and had fibril improved. 
This invention is carbon again. It is carbon by making the reagin which is made to carry out time amount 
contact, and is further suitable in said fibril although [ which adds a functional group to an oxidization fi:'ont 
face ] it is enough to oxidize the front face of said fibril in fibril and a strong oxidizing agent contact. It is in the 
approach of acting as the ** people of the functional group on the surface of fibril. An oxidizer consists of a 
solution of the alkali-metal chlorate in strong acid in the desirable mode of this invention. In another mode of 
this invention, an alkali-metal chlorate is a sodivim chlorate or potassium chlorate. 

In a desirable mode, the strong acid xised is a sulfuric acid. Sufficient time amoxmt for oxidation is about 0.5 
hours - about 24 hours. 

giJOif* Ll^^^JCfcl^Tti. ^ [Ca Hl-H-CH (R') OH 

The constituent which has (the inside of a formula, n and L, R*, and m are as the above-mentioned definition) is 
generated by making RCH20H react with the surface carbon of a nanotube under existence of a radical initiator 
Ijj^e ******** NZOIRU. 

This invention is in the approach of combining covalent bond by forming, between NHS ester and the proteinic 
amino group about protein at the nanotube embellished by NHS ester again. 

This invention is in the approach of generating the network structure of carbon fibril including contacting time 
amount carbon fibrils and oxidizing agents enough again oxidizing the fi-ont face of carbon fibril, contacting the 
carbon fibril by which scaling was carried out to the reagin suitable for adding a functional group to the front 
face of carbon fibril, and contacting further the fibril formed into surface organic functions to a cross linking 
agent effective in generating the network structure of carbon fibril. A desirable cross linking agent is polyol, 
polyamine, or polycarboxylic acid. 

The organic-fimctions-ized fibril is effective also in manufacturing the hard network structure of fibril. The 
three-dimensions network structure good [ acid organic-fimctions-ized ] and distributed may be stabilized by 
carrying out the crosslinking bond of the acid radical (interchange-fibril) by polyol or the PORIA amine, and 
forming hard network structure. 

This invention includes the three-dimensions network structure formed by making the fibril by which this 
invention was organic- functions-ized connect again. These complex includes at least two organic-fimctions-ized 
fibrils which was connected by one or the linker beyond it containing direct coupling or a chemical entity. 
These network structures constitute the porous medium of a notably uniform equal aperture. They are effective 
as an adsorbent, a catalyst base material, and a demarcation membrane. 

the clearance between these fibrils ~ magnitude and a configuration — also in which, also although kicked, they 
can be considered as porosity and characterized by the approach used although [ by which a porous medixmi is 
characterized ] it was irregular. The magnitude of the clearance in this network structure is controllable with the 
concentration of distribution of fibril, level, and the concentration and chain length of a cross linking agent. 
This ingredient may be adjusted so that it can act as a structured catalyst base material and the molecule of 
specific magnitude may be eliminated or included. Besides the usual industrial use catalyst, they have an 
application special as a porous base material of the big pore for biocatalyst (biocatalyst). 
Hard network structure can serve also as a fi-ame in the Uving body imitation system for molecular recognition. 
This system is indicated by U.S. Pat. No. 5,1 10,833 and the intemational patent official report WO 93/No. 
19844. The suitable selection about a cross linking agent and a complexing agent enables stabilization of a 
unique molecule framework. 

How to organic-functions-ize a nanotube The fibril organic-fimctions-ized by the homogeneity of this invention 
can be directly manufactured by sulfonation, the electrophilic addition on the deoxygenated front face of fibril, 
and meta-rhe SHON. When using an arc growth nanotube, huge purification may be needed in advance of 
organic-functions-izing. Eve Soon and others has given the procedure for (Ebbesen et al.. Nature 367 519 
(1994)) and this purification. 

Preferably, carbon fibril is processed before contacting them to an organic-fimctions-ized agent. Probably, this 
processing includes distributing fibril in a solvent. 

If based on a case, carbon fibril is filtered and dried in advance of the further contact. 

1. Sulfonation A background technique is :March, J.P., Advanced Organic Chemistry, 3rd Ed. and Wiley which 
are indicated by the following reference, New York 1985;House, H., MordemSynthetic Reactions, 2nd Ed., 
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Benjamin/Cummings, Menlo Park, and CA 1972. 
Activated C-H (C-H of aromatic series is also contained) association can sulfonate SOS using the fuming nitric 
acid (oleum) which is the solution of the concentrated sulfuric acid contained to 20%. the usual approach — an 
oleum — using it ~ T — it comes out through the liquid phase in about 80 degrees C, and existing however 
activated C-H coupling can also be sulfonated using S03 in an inactive aprotic solvent, or SOS in a vapor phase 
The reaction is as follows. :~C — H + SOa > — C — SOaH 



Overresponse produces generation of a sulfone according to the following reaction. : 
2 -C-H + SOs > -C-SO2 -C- + H 2 O 

Example 1 Activation of C-H coupling by use of a sulfuric acid The reaction was performed in the gaseous 
phase and the solution and a significant difference was not produced in a result. The vapor phase reaction was 
performed in the water Hiraishi English tubing reactor heated at the Lindbergh furnace. Many ROFURASUKO 
equipped with a gas inflow / excurrent canal which contains SO320% in concentrated sulfuric acid was used as 
SOS source. 

; tap hole which paid the weighing capacity sample of the fibril in a porcelain boat (BN or CC) into 1 inch 
tubing which equipped the gas inlet was connected to the concentrated-sulfuric-acid bubbler trap (bubbler trap). 
The flash plate of the argon was carried out to the whole reactor for 20 minutes, removing all air, the sample 
was heated at 300 degrees C for 1 hour, and residual moisture was removed. Temperature was adjusted to 
reaction temperature under the argon afler desiccation. 

When predetermined temperature was stabilized, SOS source was connected to reactor tubing, and SOS steam 
was sent into the quartz tube reactor using the argon style. The reaction was cooled by the predetermined time 
deed at predetermined temperature, and cooled the reactor under the argon style after that. And fibril was dried 
at 90 degrees C by the 5"Hg vacuum, and dry weight gain was acquired. The sulfonic-acid (-S03H) content was 
calculated with the back titration by 0.100-N HCl which uses pH6.0 as a reaction and a terminal point with 
0.100-N NaOH. 

The liquid phase reaction was performed in the concentrated sulfuric acid which contains SOS 20% in 100 cc 
many ROFURASUKO equipped with a thermometer / temperature controller, and a magnetic agitator. 
Concentrated sulfuric acid (50) 

The fibril slurry in ** was put into the flask. Before adding an oleum solution (20 cc) to a reactor, it heated 
beforehand at about 60 degrees C. It poured after the reaction on the ice which broke the acid slurry, and diluted 
with 11. deionized water immediately. It washed completely by deionized water until it will filter a solid-state 
and pH of washing effluent liquor would not change. Fibril was dried at 100 degrees C by the 5"Hg vacuum. 
The increment in weight strict because of loss by moving by filtration was not observed. Results are enumerated 
in Table 1. 

table 1 [ ] the conclusion of a reaction 

n idu wm soaH^s 
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CY 


25 
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There was no significant difference in the sulfonic-acid content by the reaction in a vapor phase or the liquid 
phase. There was a temperature effect. The reaction (vapor phase) of higher temperature gives the sulfone of a 
higher amount. 

In 1 18-6 IB, 4.2% of increment in weight was in agreement with the sulfonic-acid content (the theoretical values 
were 0.51 meq/g). It had the increment in weight which is too high for explaining that Experiments 60A and 
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61 A are only according to a sulfonic-acid content. Therefore, it was presumed that most quantity of the sulfone 
was also manufactured. 

2. Addition on fibril front face which does not contain oxide A background technique is :Urry, G., Elementary 
Equilibrium Chemistry of Carbon, Wiley, and New York 1989 which are indicated by the following reference. 
Behavior of the surface carbon in fibril is carried out like graphite, namely, they are arranged by the condition 
of the hexagonal sheet (hexagonal sheet) containing the carbon of both a basic surface and an edge. Although 
basic surface carbon is inactive comparatively at a chemical attack, edge carbon is reactivity, and in order to fill 
a carbon valence, it must contain a hetero atom or a radical of a certain kind. Fibril also has the surface- 
discontinuity site which is edge carbon fundamentally and contains a hetero atom or a radical. 
: whose most ordinary hetero atom combined with the surface carbon of fibril is as follows — cause; and H20, 
and it always exist because of a catalyst. [ that it is very difficult to avoid hydrogen, the main gas component; 
oxygen under manufacture, its reactant high cause and its trace ] Although the pyrolysis in about 1000 degrees 
C in the inside of a vacuum has a strange mechanism, it will deoxygenate the front face at the complicated 
reaction which the amount of stoichiometrics imderstands. A product is CO £ind C02 of 2:1 ratios. The fibril 
front face obtained contains the radical in C1-C4 array, and these radicals are very reactivity to the activated 
olefin. Although a front face is among a vacuum or is stable under existence of inert gas, the high reactivity is 
maintained until it is put to a reactant gas. Therefore, fibril is among a vacuum, or can react with a suitable 
molecule at that a pyrolysis is carried out at about 1 000 degrees C under an inert atmosphere, being cooled 
under these same conditions, £ind lower temperature, and can give a stable fiinctional group. The typical 

1 0 0 0 "C 

:7^:/y;i/-0 > Sf&tt^ >f ^ U (RF S) + 2 



example is as follows. : C O + C O 2 
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> y^Zf^)JU-R' CN 



However, R' is hydrocarbon groups (alkyl, cycloalkyl, etc.). 

Example 2 It is based on the reaction of an acrylic acid and a deoxidization object fibril front face. Manufacture 
of the organic'fiinctions-ized fibril Ig BN fibril in a porcelain boat was put in in level 1" quartz tube equipped 
with a thermocouple, and was placed into the Lindbergh **♦*. The edge was equipped with gas input / tap hole. 
After purging tubing for 10 minutes with a desiccation deoxidation argon, the temperature of a furnace was 
maintained at 300 degrees C for ****** 30 minutes, after that — the bottom of the continuous flow of an argon - 
- temperature — 100-degree-C increment — up to 1000 degrees C — **** — and it maintained for 16 hours. After 
that, tubing was cooled to the room temperature (RT) under the argon style. And it passed along the multi- 
opening flask which diverted the flow of an argon, contained the 50-degree C pure purification acrylic acid, and 
equipped with gas input / tap hole. The flow of an acrylic acid / argon steam was continued by RT for 6 hours. 
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After that, the 100-degree C vacuum drying performed removal of the unreacted acryHc acid which remained in 
the <5" vacuum from it by the purge by the argon first. The carboxylic-acid content was measured by carrying 
out a back titration by 0.100-N HCl to a reaction with 0.100-N superfluous NaOH, and the terminal point of 
pH7.5. 

Example 3 It is based on the reaction of an acrylic acid and a deoxidization object fibril front face. Manufacture 
of the organic- functions-ized fibril The procedure was repeated like the above-mentioned procedure except 
having performed a pyrolysis and cooling in the 10 to 4-torr vacuum. The purification Al Lil acid steam was 
diluted with the argon as in the above-mentioned procedure. 

Example 4 It is based on the reaction of a maleic acid and a deoxidization object fibril front face. Manufacture 
of the organic-fimctions-ized fibril A procedure is the maleic anhydride (MAN) which the reagin in RT refined, 
and when it let an argon gas pass to a 80-degree C melting MAN bath, it was repeated like the example 2 except 
the reactor having been supplied. 

Example 5 It is based on the reaction of chlorination acryloyl and a deoxidization object fibril front face. 
Manufacture of the organic- functions-ized fibril A procedure is the chlorination acryloyl which the reagin in RT 
refined, and when it let an argon g£is peiss on 25 -degree C pure chlorination acryloyl, it was repeated like the 
example 2 except the reactor having been supplied. The content of an acid chloride was measured with the back 
titration by the reaction with 0.100-N superfluous NaOH, and 0.100-N HCl. 

The pyrolysis of the fibril in the inside of a vacuum deoxygenated the fibril front face. With TGA equipment, 
the pyrolysis in 1000 degrees C in the inside of a vacuum or a purification Ar style did 3% of average weight 
loss about three samples of BN fibril. Gas-chromatograph analysis detected only CO and C02 of about 2:1 
ratio, respectively. The obtained front face is very reactivity, and, as for an activation olefin, for example, an 
acrylic acid, chlorination acryloyl, acrylamide, an acrolein, a maleic anhydride, allylamine, allyl alcohol, or 
allyl halide, even the room temperature will generate the pure product only containing the fimctional group 
which it reacted and was combined with the activation olefin. Therefore, tiie front face where the front face 
where the front face where the front face where the front face where the front face only containing a carboxylic 
acid is available by the reaction with an acrylic acid or an anhydrous mallein, and contains only; acid chloride 
contains only; aldehyde by the reaction with chlorination acryloyl contains only; hydroxyl from an acrolein 
contains only; amine from allyl alcohol contains only; and halide from allylamine is available from allyl halide. 
3. Meta-rhe SHON A background technique is iMarch, Advanced Organic Chemistry and 3rd ed. which are 
indicated by the following reference, and p545. 

With various organic metal reagents, the meta-rate of the aromatic series C-H coupling is carried out, and it can 
generate carbon-metallic bond (C-M). M can also usually use; which is Li, Be, Mg, alumimmi, or Tl, however 
other metals. The easiest reaction is based on the direct permutation of the hydrogen in the activated aromatic 
series.:!. Fibril (^^r^UyU) -H + R-Li > Fibril-Li +RH 

A reaction may need a strong base, for example, potassium t-butoxide, or the diamine for chelation fiirther. The 
aprotic solvent is required (paraffin, benzene). 

2. Fibril-H + A 1 R3 > Fibril-A1R2+ RH 

3. Fibril-H + Ti(TFA)3 > Fibril-T1(TF A)2 + 

HTF A 

TFA is trifluoroacetate. HTFA is trifluoroacetic acid. 

A meta-rate derivative is the example of the fibril by which the first was formed into independent organic 
fimctions. However, the fibril by which they were made to react fiirther and the first [ another ] was formed into 
independent organic fimctions can be given. Some reactions can carry out sequential operation with the same 
equipment, without isolating intermediate field. 
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4, Fibril-M + O2 > Fibril-OH + MO 

L i, A 1 

Fibril-M + S > Fibril-SH + 

Fibril-M + Xz > Fibril-X + MX X = 

M m 

Fibrii-M + CH3 ONH2 • HC 1 >Fibril-NH2 

+ MOCH3 

Fibril-TKTF A)2 + NaOH > Fibril-OH 

fA m 

Fibril-TKTF A)2 + NHs OH > Fibril-NHg 

+ HTFA 

Fibril-TKTFA)2 + KCNtK^^K > Fibril-CN 

+ TITFA + KTFA 

Fibril-CN + H2 > Fibril-CHa -NHz 

Example 6 Fibril - Manufacture of Li Ig CC fibril was put into the porcelain boat, and it inserted into 1 " quartz 
tube reactor shut up in RINDO bark The edge of tubing was equipped with gas input / tap hole. Under the 
continuous flow of H2, fibril was heated at 700 degrees C for 2 hours, and the oxygenation object of all firont 
faces was converted into C-H coupling. And the reactor was cooled to RT under H2 style. 
The hydrogenated fibril was moved to the 11. multi-opening roimd bottom flask with the deoxygenated 
desiccation heptane (Li aluminum H4). This flask was equipped with the purge system, the condensator, the 
magnetic agitator, and rubber diaphragm (a liquid can be added by Schiling through it) of a purification argon 
for removing all air and maintaining to an inert atmosphere. Under the argon ambient atmosphere, 2% solution 
containing the butyl lithium of 5 millimols was added by the syringe into the heptane, and this slurry was stirred 
\mder moderate reflux for 4 hours, after that, fibril was divided into gravity filtration 4s times in the argon 
ambient atmosphere glove compartment, and the deoxygenation desiccation heptane washed several times on 
the filter. Fibril was moved to 50 cc round bottom flask with a stopper cock, and it dried at 50 degrees C imder 
10 -4torr vacuum. The lithium content was measured by making the sample of fibril react with 0.100-N 
superfluous HCl in DI water (deionized water), and carrying out a back titration to the terminal point of pH5.0 
by 0.100-N NaOH. 

Example 7 Manufacture of fibril-Tl (TFA)2 It loaded with HTFA in which hydrogenates Ig CC fibril like an 
example 5, and gas drainage is carried out in the multi-opening flask by the repeat purge by the desiccation 
argon. 5% solution of the 5 millimol (TFA) Tl 2 in HTFA was added to the flask fi-om the rubber diaphragm, 
and this slurry was stirred under moderate reflux for 6 hours. After the reaction, fibrils were collected like 
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Example 1 and it dried. 

Example 8 Fibril - Manufacture of OH (oxygenation derivative only containing OH organic-functions-ization) 
0.5g of the lithiation fibril manufactured in the example 6 was moved to a 50 cc mouthful flask which attached 
the stopper cock and the magnetic rabble in the argon ambient atmosphere globe bag with the deoxygenation 
desiccation heptane. The flask was taken out fi'om the globe back and carried out magnetic agitator ******. 
And the stopper cock was opened to atmospheric air, and the slurry was stirred for 24 hours. After that, 
filtration separated fibril, the MeOH water solution washed, and it dried at 50 degrees C by 5" vacuum. It asked 
for the concentration of an OH radical by making it react at the standardization solution (0.252M) of the acetic 
anhydride in dioxane, and 80 degrees C, and converting an OH radical into acetic ester. In such a case, the lEq 
[ per one mol of acid anhydrides ] acetic acid which reacted is emitted. It measured by titrating to the terminal 
point of pH7.5 by NaOH of the whole acid content, an isolation acetic acid, an imreacted acetic anhydride, and 
0.100 Ns of**. 

Example 9 Fibril - Manufacture of NH2 Ig thallium-ized fibril was manufactured like an example 7. Fibril was 
slurred in dioxane and 0.5g triphenyl phosphine dissolved in dioxane was added. After stirring a slurry several 
minutes at 50 degrees C, the 50-degree C ammonia gas was added for 30 minutes. And filtration separated 
fibril, and it is among dioxane, washed by DI underwater, and dried at 80 degrees C by 5" vacuum. Amine 
concentration was measured by making it react with a superfluous acetic anhydride, and carrying out the back 
titration of an isolation acetic acid and the unreacted acetic anhydride by 0.100-N NaOH. 
4. Compound of induction-ized polykaryotic aromatic series, poly hetero nucleus aromatic series, and flat- 
surface large ring type The front face of the graphite of fibril enables physical adsorption of an aromatic 
compound. 

Suction is based on Van der Waals force. This force exists considerably between a polycyclic hetero nucleus 
aromatic compound and the basal plane carbon on the front face of graphite. Desorption is imder the condition 
in which contention surface adsorption is possible, or will happen under the conditions on which an adsorbate 
has high solubility. 

For example, fibril can be organic-functions-ized by adsorption of a phthalocyanine derivative. And these 
phthalocyanines derivative fibril can be used as a proteinic solid-state base material. It is possible to introduce a 
different chemical group into a fibril front face by choosing the derivative with which phthalocyanines only 
differ. 

Since protein is fixed, using phthalocyanine derivative fibril has an advantage more significant than the 
conventional protein fixed approach. Especially it is easier than covalent modification. In addition, 
phthalocyanine derivative fibril has high surface area, and is stable also in which kind of solvent covering wide 
range temperature and pH. 

Example 10 Fori Phi Lynne to a fibril top, and adsorption of a phthalocyanine A compound desirable although 
physisorbed on fibril is Fori Fhi Lynne or the phthalocyanine by which adsorbing to graphite or carbon black 
strongly is known and which was induction-ized. Some compoimds are available, for example, they are 
tetracarboxylic acid Fori Fhi Lynne, a cobalt (II) phthalocyanine, or a NIRICHIUMU phthalocyanine. Two of 
the latters can be induction-ized by the carboxylic-acid gestalt. 

2 lithium phthalocyanine Generally two Li+ ion is expelled from a phthalocyanine (Fc) radical with most metal 
(especially multiple valued) complexes. Therefore, the permutation of Li+ ion by the metal ion combined with 
the ligand which is not unstable is the approach of placing a stable functional group on a fibril front face. 
Almost all transition metal complexes will expel Fc to Li+, and will generate the stable chelate of non- 
instability. And the main point is combining this metal with the ligand for which are suitable. 
Cobalt (II) phthalocyanine For especially this reason, a cobalt (II) complex is suitable. Co++ ion can be 
permuted instead of two Li-i- ion. And Co+H- ion can be configurated in a ligand like the nicotinic acid 
containing the pyridine ring which has a suspension (pendant) carboxylic-acid radical, and combining it with 
the priority to a pyridine radical is known. Under existence of a superfluous nicotinic acid, Co(II) Fc can 
oxidize electrochemically, can tum into Co(III) Fc, 2ind forms the pyridine component of a nicotinic acid, and 
the complex which is not imstable. Therefore, the isolation carboxylic-acid radical of a nicotinic-acid ligand is 
firmly combined with the fibril front face. 

the ligand for which others are suitable — aminopyridine or ethylenediamine (suspension NH2), a mercapto 
pyridine (SH), or one edge — amino - or a pyridyl-component — either — and it is the polyfunctional ligand of 
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Others which contain a certain desirable function in the other end. 

A porphyrin or loading capacity of a phthalocyanine (loadingc apacityl can be measured by decolorization of 
the solution when carrying out gradual increase addition of them.) The deep color of a solution (blue dark in Co 
(II) or the NIRICHIUMU phthalocyanine in pink deep in the tetracarboxylic acid porphyrin in MeOH, an 
acetone, or a pyridine - green) 

It changes, when ** and a molecule are removed by adsorption on the black front face of fibril. 
Loading capacity was presumed by this approach, and the footprint of a derivative was computed from that 
approximation measurement (about 140 square angstrom). On an average, the surface area of fibril is 250m2/g, 
and the maximum loading is about 0.3 millimols /g. 

Titration analyzed the tetracarboxylic acid porphyrin. The integrity of adsorption was examined by color 

emission by the ambient temperature and hot aquosity system. 

A fibril slvirry is mixed first (WARINGU blender (Waring blender)). 

It carried out and stirred throughout loading. It was ineffective, although a part of slurry was ultrasonicated after 
a color would not change any longer. 

After loading, experiment 169-1 1-12,-14, and -19-1 (refer to table II) were washed in the same solvent, and 
removed the occlusion pigment. Since all continued into washing effluent and the weak color was shown, it was 
difficult to ask for the saturation point correctly. Experiment 168-18 and -19-2 used the pigment of the amount 
calculated for loading, and washed it very lightly after loading. 

In order that a tetracarboxylic acid porphyrin (from an acetone) and Co phthalocyanine might indicate by the 
description fiirther (from a pyridine), loading was carried out on fibril (respectively experiment 169-18 and -19 
-2). 

Analysis of a tetracarboxylic acid porphyrin Addition (pH 1 1-12) of an excess base made the slurry to titrate 
produce pink coloring immediately. Although this did not block titration, it showed that desorption of the 
porphyrin was carried out by high pH. Carboxylic-acid concentration was measured with the back titration of 
superfluous NaOH which uses pH7.5 as a terminal point. Titration gave loading of l.lOmeq(s) per Ig of acids, 
and it was equal to 0.275meq(s) per porphyrin Ig. 

Analysis of cobalt or a 2 lithixmi phthalocyanine The concentration of these adsorbates was presumed only from 
the decolorization experiment. Blue - The point when a green color does not fade after 30 minutes was made 
into the saturation point. The fibril front face was adsorbed in the compound of much the permuted polykaryotic 
aromatic series or the poly hetero nucleus aromatic series. For adhesion force, the two number per a ring / 
suspension functional group of aromatic series rings should be made [ many ]. Therefore, the polyfunctional 
derivative containing the four or more condensed rings, such as a permutation anthracene, a phenanthrene, etc. 
containing the three condensed rings, can be used instead of a porphyrin or a phthalocyanine derivative. TTie 
many permuted hetero aromatic compovind which similarly contains the permuted aromatic series heterocyclic 
compound, for example, a quinoline, or four rings or more can be used. 

The result of the loading experiment about three kinds of a porph3Tin / phthalocyanine derivatives is 
summarized in Table II. 



Table II Conclusion of an adsorption experiment 






meq/g 






mn 




mm 




m 




lOA 


169-11 


TCAPorph 


19. 6iDg 


Acet 


0. 18g/g 




na 


lOB 


169-12 


TCAPorph 


33. 3ing 


H2O 


0.11 


NaJS 


na 


IOC 


169-14 


DiLiPhth 


119. Omg 


Acet 


0. 170 


LI 


na 


lOD 


169-19-1 


CoPhth 


250. Omg 


Pyr 


0. 187 


Co 


0. 335(caD 


lOB 


169-18 


TCAPorph 


1. OOg 


Acet 


0. 205 




1. 10(T) 


lOF 


169-19-2 


CoPhth 


1. 40g 


Pyr 


0. 172 


Co 


0.303(cal) 
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TCAPorph is a tetracarboxylic acid porphyrin. 

(cal) is calculated value. 

DiLiPhth is a NIRICHIUMU phthalocyanine. 

CoPhth is a cobalt (II) phthalocyanine. 

(T) is titration. 

The following examples 1 1 and 12 explain how to make two kinds of different phthalocyanine derivatives 
adsorb on a carbon nanotube. 

Example 1 1 Adsorption of a nickel (II) phthalocyanine tetra-sulfonic acid Organic-functions-ized fibril It is a 
4.2mg plane in 1ml dH20 about a 2mg nickel (II) phthalocyanine tetra-sulfonic acid (4 sodium salt). It mixed 
with fibril. 

This mixture was processed ultrasonically for 30 minutes, and it was made to rotate at a room temperature 
overnight. 

1ml MeOH washed fibril 3 times 3 times by 1-ml dH20 at CH2C1 (3 times and 1 ml)2, and it dried imder the 
vacuum. 

Thermolysin was fixed by adsorption in such phthalocyanine derivative fibrils. O.Smg fibril was made to 
suspend in dH20 of 250 microliter, and it processed ultrasonically for 20 minutes. It mixed with 250 microliter 
of liie thermolysin (thermolysin) solution of 0.6mM(s) which threw away the supernatant, was made to suspend 
fibril in the tris (Tris) of 0.05M of 250 microliter (pH=8.0), and was built in the same buffer solution. This 
mixture was rotated at the room temperature for 2 hours, and it stored at 4 degrees C ovemight. And fibril was 
washed 3 times by the 1ml tris (pH=8) of 25mM(s), and it was made to suspend in 250 microliter of the buffer 
solution of pH7.5 containing CaC12 of the tris of 40mM(s), and lOmM(s). 

The amoimt of the ttiermolysin on these fibrils was calculated by measuring the enzjmie activity of fibril. 
Thermolysin generates the compound which causes the absorbance fall which can react with Substrate FAGLA 
(N -(3-[2-furil] acrylonitrile)- glee ROIAMIDO), and has the absorbancy index of -310M-lcm-l by 345nm. The 
assay buffer conditions for ibis reaction were NaCl(s) of the tris of 40mM of pH7.5, and CaCl 2 and 1 .75M of 
lOmM. In a 1ml shallow pot, a reaction is the thermolysin of lOmicrog in the 1ml assay buffer solution about 
the FAGLA stock solution (25.5mM(s) in 30%DMF in dH20) of five microliter. It carried out by mixing with 
fibril. It acted as the monitor of the absorbance fall in 345nm by the time amount scan over for 10 minutes. And 
enzyme activity (a part for muM/) was computed fi*om initial inclination using the absorbancy index of -310M- 
lcm-1. The amoimt of the activity thermolysin per fibril Ig was 0.61micro mol. 

example 12 1, 4, 8, 1 1, 15, 18, 22, and 25-octabutoxy Adsorption of a -29H and 31H-phthalocyanine Organic- 
functions-ized fibril the inside of 1ml CHC13 - a 3mg 1, 4, 8, 1 1, 15, 18, 22, 25-octabutoxy-29H, and 31 H- 
phthalocyanine and 5.3mg plane Fibril was mixed. This mixture was processed ultrasonically for 50 minutes, 
and it was made to rotate at a room temperature ovemight. 
Fibril was washed 3 times by 1ml CH2C12, and it dried under the vacuum. 

Thermolysin was fixed by adsorption according to the approach of an example 34 on these phthalocyanines 
derivative fibril. The amovmt of the activity thermolysin per fibril Ig was 0.7micro mol. 

Example 13 Thermolysin is fixed on it. Phthalocyanine derivative fibril is used. Composition of an ASUPARU 
term precursor The phthalocyanine derivative fibril by which thermolysin is fixed on it can be used in order to 
carry out the catalyst of the composition of the precursor of an artificial sweetener ASUPARU term. The 
reaction was performed by mixing L-Z-Asp of 80mM(s), and L-PheoMe of 220mM(s) in the ethyl acetate 
which has the fibril fixed thermolysin of lOmicroM. A product and Z-Asp-PheoMe were supervised by HPLC, 
in order to measure yield. 

5. Oxidation by Chlorate or Nitric Acid As Reference about Potassium Chlorate in Concentrated Sulfuric Acid, 
and Oxidation of Graphite by Strong Oxidizer like Nitric Acid To :R.N. Smith to which the following are 
mentioned. Quarterly Review 1 3,287(1 959);M.J.D.Low, and Chem.Rev.60,267(1960) o-** Edge carbon (a 
defective site is also included) gives the mixture of a radical by which it was attacked and a carboxylic acid, a 
phenol, and others were oxygenated. A mechanism is a complicated thing including radical reaction. 
Example 14 A chlorate is used. Manufacture of the fibril organic-functions-ized with the carboxylic acid It 
slurred by mixing the sample of CC fibril with a knife into concentrated sulfuric acid, and equipped with gas 
input / tap hole, and the overhead location agitator, and moved to the reaction flask. Loading of NaC103 was 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_webcgiejje 8/1 0/2005 



JP,2002-503204,A [DETAILED DESCRIPTION] Page 1 5 of 39 



performed in several steps under the argon style carried out slowly by RT into the time amotmt of an 
experiment, stirring. Since the chlorine steam occurred in all the processes of an experiment, the sweep of the 
chlorine steam was carried out from the reactor, and it sent into the NaOH water-solution trap. 
At the last of an experiment, filtration under reduced pressxire of the fibril slurry was powed out and carried out 
on the broken ice. 

And the filter cake was moved to the Soxhlet extraction thimble, and DI water washed with the Soxhlet 

extractor, and it exchanged for fresh water every several hours. Washing was continued xmtil the sample of 

fibril stopped having changed pH of water, when fresh DI water was added. 

And filtration separated fibril and it dried at 100 degrees C by 5" vacuum overnight. 

The carboxylic-acid content was measured by making a sample react with 0.100-N superfluous NaOH by 

carrying out a back titration to the terminal point of pH7.5 by 0.100-N HCl. Results were enumerated to the 

table. 

Table III Conclusion of a direct oxidation experiment 

_ ^ g 

Rec K, 

Bx. RUN # NaClOa cc H2SO4 ^FeKh) pH fi* 

meq/g . 



IIA 168-30 10.0 8.68 450 24 5.7 

10. 0 0. 78 

IIB 168-36 12.0 13,9 600 24 5.9 

13, 7 0, 75 

Example 1 5 A nitric acid is used. Manufacture of the fibril organic-fiinctions-ized with the carboxylic acid The 
sample in which fibril carried out weighing capacity was slurred with the nitric acid of suitable strength in the 
reaction flask equipped with an overhead location agitator and a water condenser circular and with the 
impression of many openings. Stirring continuously, temperature was adjusted and it carried out the time which 
had the reaction specified. 

Regardless of the reinforcement of an acid, after temperature exceeded 70 degrees C, brown smoke sepeirated 
between short time. The slurry was poured out on the broken ice after the reaction, and it diluted with DI water. 
The slurry was filtered, and it carried out until the sample slurred [ replacing a reservoir with fi-esh DI water 
every several hours and ] although removed by washing a superfluous acid with a Soxhlet extractor would not 
give change to Ph fi-om DI water. Fibril was dried at 100 degrees C by 5" vacuum ovemight. A part of weighing 
capacity of fibril was made to react with 0.100-N standard NaOH, and the carboxylic-acid content was 
measured with the back titration by 0. 1 00-N HCl. The surface oxygen content was measured by XPS. It sets to 
0.1% of the weight, and the dispersibility to water is WARINGU. It examined by mixing in a blender for a 
maximum of 2 minutes. The result was summarized in Table 4. 
Table IV Conclusion of a direct oxidation experiment 
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g 



cc 



Ex. niu m mmm umx: mm 



COOH ESCA, u% 



meq/g C 0 



12A KBN) 300 70X 
P 



m 24 hr 



<0. 1 98 2 



12B 1(BN) 300 15 mm 48 <5% <0. 1 ^^-^-f 

P 



12C 20(BN)- 1.0 1 70 M 
G 



25K 



0. 8 i>^mit-f 



12D 48(BN) 
G 



1.0 1 70 



mm 



20% 0. 9 ^il^it-f 



6. Formation of Amino Organic Functions of Fibril It is Possible to Introduce Amino Group into Graphite 
Natvire Fibril Directly by Obtaining Fibril Formed into Amino Orgeinic Functions by Returning this Nitric-Acid- 
ized Gestalt with a Reducing Agent like Sodium Dithionate, after Processing Fibril with Nitric Acid and 
Sulfuric Acid and Obtaining Nitric- Acid-ized Fibril according to the Following Formula. : 

_.. HN0a/H2SO4 NaS2 04 

Fib F 1 b— NO2 ■ F 1 b— NHg 

The obtained fibril has proteinic (for example, an enzyme and an antibody) immobilization and the usefulness 
of a large number which include an affinity and ion exchange chromatography. 

Example 16 A nitric acid is used. Manufacture of the fibril formed into amino organic functions The nitric acid 
(0.4ml) was dropped to the cooling suspended solid (0 degree C) of the fibril (70mg) in water (1 .6ml) and an 
acetic acid (0.8ml). This reaction mixture was stirred at 0 degree C for 15 minutes, and it stirred at the room 
temperature for ftirther 1 hour. The mixture of a sulfuric acid (0.4ml) and a chloric acid (0.4m) was added 
slowly, and it stirred at the room temperature for 1 hour. Centrifugal separation of the reaction was suspended 
and carried out. The aquosity layer was removed and fibril was washed with water (x5). The residue was 
processed by the sodium hydroxide 10% (x3), and it washed with water (x5), and nitric-acid-ized fibril was 
completed. 

Sodium dithionate (200mg) was added to the suspended solid of the nitric-acid-ized fibril in water (3ml) and 
ammonium hydroxide (2ml) in 3 steps at 0 degree C. This reaction mixtvire was stirred at the room temperature 
for 5 minutes, and it stirred at 100 degrees C for 1 hour. The reaction was suspended, and it cooled at 0 degree 
C, and pH was adjusted with the acetic acid (pH4). After leaving it at a room temperature overnight, the 
suspended solid was filtered, the vacuum drying was washed and carried out with water (xlO) and a medianol 
(x5), and amino fibril was given. 

In order to examine this fibril formed into amino organic functions, coupling of the horseradish (horseradish) 
peroxidase was carried out to fibril. And the amino fibril by which coupling was carried out in this HRP was 
dialyzed on a large scale. After dialysis, fibril was washed 15 times dviring the next week. The fibril 
embellished with this enzyme was authorized as follows. : 
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H R P 

Hs 02 +ABTS cmm) 2H2 o + ±fisim m^) 

It means that the resuh showed the good enzyme activity with which HRP combined with Fib-NH2 is held over 
one week. 

7. Association of end alcohol which uses radical initiator While the advanced stability of a carbon nanotube 
makes it possible to use it by the harsh environment, it makes it difficult to be activated for the further 
qualification. The conventional approach was accompanied by use of a severe oxidizer and an acid. It became 
clear that end alcohol was combinable with a carbon nanotube at a surprising thing using a radical initiator like 
a benzoyl peroxide (BPO). Formula RCH20H (the inside of a formula and R are hydrogen, alkyl, aryl, 
cycloalkyl, an aralkyl, cyclo aryl, or Fori (alkyl ether)) A carbon nanotube is added to the alcohol which it has 
with a radical initiator, and it heats at about 60 degrees C - about 90 degrees C. Ethanol and a methanol are 
included by desirable alcohol. When sufficient time amount for all of radical initiators to decompose passes, by 
filtering a reaction mixture, a carbon nanotube ingredient is washed and it dries, and it is a formula. The 
nanotube with which nanotube-CH(R) OH was embellished is produced. This approach can be used also for 
combining bifimctional alcohol. This makes it possible to be used for an end's connecting with a carbon 
nanotube and the other end connecting another ingredient with a fi*ont face indirectly. 

Example 17 A benzoyl peroxide is used. Manufacture of the organic-fimctions[ alcoholic ]-ized nanotube The 
0.277g carbon nanotube was distributed in MeOH using the proBie ultrasonic device. 0.126g BPO was added-at 
the room temperature, temperature was raised to 60 degrees C, and 0.1 28g additional BPO was added. 60 
degrees C ~ after 45 more minutes ~ 0.1 29g last BPO addition ~ carrying out — and mixture ~ 60 degrees C — 
fiirther — it maintained for 30 minutes. The product was filtered on the film, and it washed several times by 
MeOH and EtOH, and dried in 90-degree C oven. Yield was 0.285g. ESCA analysis showed the oxygen content 
of 2.5 atom %, and was 0.74 atoms % by the contrast sample which flowed back without BPO in MeOH 
compared with this. 

Example 18 A benzoyl peroxide is used. Qualification of the carbon nanotube by Fori (ethylene glycol) lOg 
Fori (ethylene glycol) (average molecular weight 1000) (PEG- 1000) was mixed with a O.lg carbon nanotube 
and 0.5g BPO at the room temperature. This mixture was heated at 90 degrees C, and PEG was fused, and in 
order to make it react at 90 degrees C, it placed ovemight. The whole mixture was filtered and washed, and 
Excess PEG was removed, and it dried. Being embellished fiarther is also possible by combining the ingredient 
which can also use the obtained ingredient as it is, or is interested in the firee end of PEG. 
Example 19 Carbon nanotube embellished with PEG Application for reducing un-unique association Un-unique 
association to the carbon ingredient of high surface area is everywhere. When hydrophilic oligomer like PEG 
was combined with the carbon nanotube, it became clear that un-unique association could be reduced. 
Moreover, by combining the end of a chain molecule like PEG on the surface of a nanotube, the firee end could 
contain the fiinctional group which can be used for association of other interested ingredients, and in order to 
reduce un-unique association and yet, what the property of a PEG (or other ingredients) layer is maintained in 
addition also for became clear. 

Fall of un-unique association of the bovine serum albimiin by PEG qualification fibril By distributing each 
l.Omg by sonication in the 10ml buffer solution, the 0.1 mg [/ml ] stock distribution object in the potassium 
phosphate buffer solution of 50mM(s) of pH7.0 of non-embellished fibril, chlorate oxidization fibril, and PEG 
qualification fibril was manufactured. 2ml of each two-fold-serial-dilution objects of a series of was put into 
each of nine polypropylene tubing. lOOmicrol of the 0.2mg [/ml ] solution of the bovine serum albxxmin (BSA) 
in the same buffer solution was added to each tubing and three buffer-solution blanks. Tubing of the three 
buffer solutions which do not contain protein was also built. It incubated for 30 minutes, having mixed every 
tubing with the vortex mixer, and carrying out a vortex for 30 seconds every 10 minutes. Fibril was separated, 
having covered all tubing over the centrifiage, the 1ml aliquot of a supernatant was moved to new tubing, and it 
analyzed about the total protein content using micro (Micro) BCA protein assay (pierced earring (Pierce)). The 
level of the protein which remains into the supernatant was indirect measurement of the amount combined with 
fibril at non-****. Although all BSAs remained into the supernatant in PEG qualification fibril, it combined 
with un-embellishing or chlorate oxidization fibril nearly completely (refer to drawing 1 ). 
Comparison of the fall of un-imique association by the PEG qualification fibril manufactured using the benzoyl 
peroxide, and a fall of xm-xmique association by NHS ester coupling Fibril which oxidized with the chlorate, 
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The fibril embellished by PEG using the benzoyl peroxide. And the stock distribution object of the chlorate 
oxidization fibril embellished with PEG by NHS ester coupling was manufactured by sonication by ml in 
1 -Omg /in the potassium phosphate buffer solution of pH7.0 and 50mM. Each 2ml of a series of of 3 time 
dilution was put into each of seven polypropylene tubing. lOOmicrol of the 0.2mg [/ml ] solution of the beta 
lactoglobulin in the same buffer solution (betaLG) was added to each tubing and three buffer-solution blanks. 
Tubing of the three buffer solutions which do not contain protein was also built. It incubated for 60 minutes, 
having mixed every tubing with the vortex mixer, and carrying out a vortex for 30 seconds every 10 minutes. 
Fibril was separated, having covered all tubing over the centrifuge, the 1ml aliquot of a supematant was moved 
to new tubing, and it analyzed about the total protein content using micro BCA protein assay (pierced earring). 
The level of the protein which remains into the supematant was indirect measurement of the amount combined 
with protein at non-**** (refer to drawing 2 ). About each of tubing, betaLG remains into the supematant of the 
fibril embellished by PEG through the root of NHS ester, and it meemt that there was no un-unique association. 
In the level of the 1 .Omg [/ml ] highest fibril, whether it is small showed [ of betaLG ] (about 10%) of 
association, and the fibril embellished by PEG through the BPO root did not show significant association on 
lower level. By contrast, to the fibril which oxidized with the chlorate, it joined together nearly completely on 
the level of O.lmg/ml or more, and substantial association was seen to O.Olmg/ml of these fibrils. 
8. Nanotube organic-fimctions-ized with second-grade induction object carboxylic acid of organic-functions- 
ized nanotube The number of the second-grade induction objects which can be manufactured from a carboxylic 
acid is essentially infinite. Alcohol or an amine gives the ester or the amide which connects with an acid easily 
and is suitable for it. When alcohol or an amine is some of G or two functionality, and polyfunctional 
molecules, the connection which lets O- or NH- pass emits other functional groups as a suspension radical. : 
whose typical example of a secondary reagent is as follows — general formula A suspension radical An example 
HO-R and R Alkyl, R- A methanol, a phenol, an aralkyl, aryl, Trifluoro carbon, fluoro ethanol, OH end 
polyester, a polymer, SiR'3 Silanol H2 N-R R- An amine, Ali Nin, and R as the above [ same ] A fluorination 
amine, silylamine, an amine End POTAAMIDO, protein Cl-SiR3 SiR3- Cyclo silane HO-R-OH HO- Ethylene 
glycol, and PEG and R Alkyl, A pentaerythritol, an aralkyl, CH20- Bisphenol AH2 N-R-NH2 H2-N- 
Etfiylenediamine and R Alkyl, an aralkyl Polyethylene amine X-R-Y and R are alkyl etc.; Y- A polyamine 
amide and X OH or NH2; TTie mercaptoethanol Y is SH, CNNC=0, CHO, an alkene, an alkyne, aromatic 
series, and heterocycle. A reaction can be performed using either of the approaches developed in order to 
esterify or aminate a carboxylic acid by alcohol or the amine. Also in these, use an N and N'-carbonyl JIIMIDA 
SOL (GDI) as an acylating agent for ester or an amide. H. in order to activate the carboxylic acid for approach 
[ of A. SUTAPPU ] (H. A.Staab, Angew.Chem.Intemat.Edit., (1) 351 (1962));, and amidation The approach (86 
Anderson, et al., J.Amer.Chem.Soc, 1839 (1964)) of Anderson and others which uses N-BITOROKISHI 
succinimide (NHS) was used. 

Example 20 The manufacture N of the second-grade induction object of the organic-functions-ized fibril, N'- 
carbonyldiimidazole The pure dry aprotic solvent (for example, toluene or dioxane) was required of this 
procedwe. The amount of stoichiometrics of a reagent was enough. The carboxylic-acid compound v/as made to 
react for 2 hours at the amount of stoichiometries and room temperature of GDI which were dissolved in toluene 
in toluene in the inert atmosphere (argon) for ester. C02 occurred in this time amount. 2 hours after, alcohol 
was added with Na ethoxide of the amoimt of catalysts, and the reaction was continued at 80 degrees C for 4 
hours. In n-alcohol, yield was quantitive. The reaction is as follows. : 

1. R-C00H+ Im-CO- Im- — >R-CO- I m+H I m+C02 , 

Im is imidazolide and Him is an imidazole. 

NaOE t 

2. R-CO-Im + R'OH > R- C 0-OR' +H I m 

It happens that the catalyst of the amidation of an amine is not carried out in RT. The first process in this 
procedure is the same. The amine of the amount of stoichiometries was added by RT, and it was made to react 
after generating of C02 for 1 to 2 hoxirs. The reaction was quantitive. The reaction is as follows. : 

3. R-CO-Im + R' NHa > R-CO-NHR + HIm 

Silanizing Trialkyl silyl chloride or a trialkyl silanol reacts inmiediately with active hydrogen as follows. : 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web cgi_ejje 8/1 0/2005 



JP,2002-503204,A [DETAILED DESCRIPTION] Page 1 9 of 39 




R-COOH + C1-sTr' a > R-CO-S i R' 3 -l-HC 1 

A small amount of diaza as a catalyst - The 1,1, and 1-bicyclo octane (DABCO) was used. Suitable solvents 
were dioxane and toluene. 

Fibril organic- functions-ized with the sulfonic acid An aryl sulfonic acid which was manufactured in the 
example 1 can react further, in order to generate a second-grade induction object. A sulfonic acid can be 
retximed to a mercaptan with the combination of LiAlH4 or triphenyl phosphine, and iodine (March, J.P., 
p.l 107). Can convert into a sulfonate by the reaction with the dialkyl ether again, namely, it is as follows. : 
Fibril-SOa H + R-O-R > Fibril-SOa OK + ROH 

N-hydroxysuccinimide ; carbodiimide to which activation of the carboxylic acid for amidation by the primary 
amine takes place through N-hydroxy SUKUSHIN amyl ester is used in order to combine with the water 
emitted as permutation urea. And NHS ester is converted into an amide by RT by the reaction with a primary 
amine. The reaction is as follows. : 

1. R-COOH + NHS+carbodimide > R-CONHS 4- 

2. R-CONHS + R' NHs > R-CO-MHR' 

This approach is the isolation NH on a proteinic side chain. It is effective in ****(ing) and especially carrying 
out covalent bond of the protein to graphite nature fibril. The example of protein fixable in fibril by this 
approach includes fiicin, streptoavidin, and avidin. Streptoavidin (or avidin) fibril offers the solid support for 
the biotin-ized matter (biotinylated substance). 

Example 21 It lets NHS ester pass for protein, and is covalent bond to fibril. In order to prove that protein can 
carry out covalent bond to fibril through NHS ester, streptoavidin, avidin, and a trypsin were combined with 
fibril as follows. 

0.5mg NHS-ester The sodium phosphate buffer solution (pH7.1) of 5mM washed fibril, and the supernatant was 
thrown away. The streptoavidin solution (1 .5mg in the same buffer solution) of 200microl was added to fibril, 
and mixture was rotated at the room temperature for 5.5 hours. And the sodium phosphate (pH7.1), PBS (the 
sodium phosphate of 0.1 M, NaCl of 0.15M, pH7.4), the ORIGENTM assay buffer solution (IGEN, Inc., 
Gaithersburg, MD), and PBS of :5mM which washed fibril in order with the 1ml following buffer solution. 
Streptoavidin fibril was stored into the PBS buffer solution, in order to use it fiirther. 

2.25mg NHS-ester Fibril was ultrasonicated for 40 minutes in the sodium phosphate buffer solution of 5mM(s) 
of SOOmicrol (pH7.1), and the supematant was thrown away. 

300microl of the avidin solution built in the same buffer solution which ultrasonicates fibril in the sodium 
phosphate buffer solution of 5mM(s) of SOOmicrol (pH7.1), and contains 2mg avidin (a sigma, A-9390) was 
added. This mixture was rotated at the room temperature for 2 hours, and it stored at 40 degrees C ovemight, 
and was made to rotate at a room temperature for further 1 hour. The 1ml sodium phosphate buffer solution 
(pH7.1) of 5mM(s) washed fibril twice with 4 times and the PBS buffer solution. Avidin In order to store fibril, 
it was made to suspend in the PBS buffer solution of 200microl. 

Trypsin Fibril is 1.1 mg NHS-ester. Fibril (in avidin fibril, it processed similarly) and 200microl of the trypsin 
solution of 1 .06mM(s) built in the sodium phosphate buffer solution (pH7.1) of 5mM were mixed, and it was 
manufactured by making it rotate at a room temperature for 6.5 hours. And trypsin It is the 1ml sodium 
phosphate buffer solution (pH7. 1) of 5mM(s) about fibril. 

It came out, and washed 3 times, and suspended in the same buffer solution of 400microl for storage. 
Example 22 Measurement of the enzyme activity of the trypsin on fibril The trypsin emitted the coloring 
compoimd which can react with substrate L-BAPNA (Na-benzoyl-L-arginine-para nitroaniline), and absorbs the 
light which is 410nm. The assay buffer solutions for this reaction were the tris of 0.05M, and CaC12 and pH8.2 
of 0.02M. In a 1ml shallow pot, a reaction is the trypsin of 10-25microg in the L-BAPNA stock solution (50mM 
(s) in 37%DMSO in H20) of Smicrol, and 1ml of assay buffer solutions. It carried out by mixing fibril. It acted 
as the monitor of the absorbance fall in 410nm for 10 minutes. And enzyme activity (a part for muM/) was 
computed fi'om initial inclination. 
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Trypsin which carried out covalent bond About fibril, activity was a part for 5.24microM/per fibril of 13microg. 
This result is convertible for the amount of the activity trypsin on fibril by breaking the activity of the known 
concentration of the trypsin solution measured as it is a part for 46microM/per trypsin of ImicroM by the 
bottom of assay conditions. Therefore, the amount of the activity trypsin per fibril Ig was 8.3micro mol (or 
195mg). 

Example 23 Carbon nanotube which has surface triol Amino manufactured by qualification by ethylene JIAON 
as indicated by the example 27 (following) 0.1 12g of a carbon nanotube (CN) was made to suspend in 20ml of 
the sodium phosphate buffer solution of 0.05M of pH8.0 containing EDTA of 50mM. It is Branson (Branson) 
450 W about this suspended solid. It ultrasonicated with the probe ultrasonic device for 5 minutes, and CN was 
distributed. The obtained suspended solid was completely viscosity. The argon was blown into the suspended 
solid for 30 minutes, stirring. It was made to react for 70 minutes, adding a 50mg 2-imino thio run 
hydrochloride, and carrying out continuation stirring of the mixture under an argon. The obtained ingredient 
was filtered with the polycarbonate millipore filter, the buffer solution washed twice, DI water washed twice by 
1 time and anhydrous [ EtOH ], and the all were performed under the argon bracket. This CN by which thiol 
qualification was carried out was put in into the vacuum desiccator, and pumping was carried out overnight. 
The final mass was 0. 1 1 8g and was 55% of invert ratio based on the increment in weight. 

The lOmg sample of the thiol-ized nanotube was made to suspend in sonication in 10ml DI water, and it filtered 
by the 0.45-micrometer nylon film, and the felt-like mat was generated. After storing a mat part into a vacuum 
desiccator, ESC A analyzed, it showed 0.46% of buffer solution, and 1.69% of nitrogen, and the successful 
inversion to the thiol qualification CN was checked. 

Example 24 The carbon nanotube by which thiol qualification was carried out is combined with a golden front 
face. Gold foil (alpha/ESARU (Alfa/Aesar)) 2cmx0.8cm was made into clarification for 10 minutes with the 
solution of the concentrated sulAiric acid of the 30% hydrogen peroxide and the three sections of the one 
section, and was washed by deionized water. Cyclic [ connect the piece of a foil to a golden lead wire and ] It is 
-0.35V in the sulfuric acid of IM xmtil a voltamogram will not change for about 10 minutes. From vs.Ag/AgCl 
to 1 .45V It was made to circulate electrochemically before vs. Ag/AgCl. And it washed and dried by deionized 
water. The big piece was judged to four 0.5cmx0.8cm wafers. 

About 10ml anhydrous [ EtOH ] deoxygenated by carrying out a barge for 30 minutes with an argon, it is 
****** to each of two glass **. lOmg of the ethylenediamine qualification CN used in order to build a thiol 
derivative with one piece of Au was made to suspend in one ** in ** of the thiol qualification CN (CN/SH) of 
16mg, two pieces of Au(s), and another side. All actuation was performed into Ar restoration globe bag. ** was 
sealed under Ar and put in into the cooled supersonic- wave bath for 1 hour. ****** was left in RT for 72 hours. 
Au sample was taken out firom **, and by EtOH, it washed 3 times, and seasoned naturally, and put in into 



Au foil sample put to CN / ethylenediamine, and CN/SH was inspected with the scanning electron microscope 
(SEM), and the existence of CN on a front face was investigated. Although the inspection by 40,000x showed 
existence of CN distributed on the front face put to CN/SH, CN was not observed by Au foil sample put to 
CN/ethylenediamine. 

Example 25 Maleimide fibril is manufactured from amino fibril. Amino fibril was manufactured according to 
the example 13. And amino fibril (62.2mg) was ultrasonicated in the sodium phosphate buffer solution (they are 
5mM(s) at 5ml and pH7.2). Sulfo SUKUSHIMMIJIRU-4-(N-maleimide methyl) cyclohexane-l-carboxylate 
(SMCC;28.8mg, 0.66 millimol: a pierced earring, catalyst No.22360) was added to this fibril suspended solid. 
This reaction mixture was stirred at the room temperature overnight. Water and a methanol washed fibril and 
the vacuum drying of the product fibril was carried out. Antibody fixation-ization on this product checked 
existence of maleimide fibril. Other maleimide (for example, **, such as sulfo-SMCC and 4-[p-maleimide 
phenyl] butanoic acid succinimidyl [SMPB], sulfo-SMPB, m-maleimide benzyl-N-hydroxysuccinimide ester 
[MBS], and sulfo-MBS) fibrils which have a different linker can be manufactured through the same approach. 
Obtained maleimide Fibril can be used as a solid-state base material for covalent-bond immobilization of 
protein, for example, antibody, and enzyme **. The antibody was fixed by covalent bond on the fibril activated 
by maleimide. When the amino fibril obtained from nitric-acid-izing / reduction (example 13) was used, and the 
capacity of an antibody was 1.84mg per fibril Ig, when the amino fibril guided from carboxyl fibril was used, it 
was 0.875mg per fibril Ig. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/10/2005 



JP,2002-503204,A [DETAILED DESCRIPTION] 



Page 21 of 39 



Example 26 From the fibril organic-functions-ized with the carboxylic acid Manufacture of ester / alcoholic 
derivative The fibril organic-functions-ized with the carboxylic acid was manufactured like an example 14. The 
carboxylic-acid content was 0.75 meq/g. It carried out xmtil generating of C02 stopped the reaction of fibril and 
GDI of the amount of stoichiometrics in the inert atmosphere as a solvent at the room temperature using 
toluene. It had little NaOEt as a polyethylene glycol (molecular weight 600) with a superfluous mol, and a 
catalyst 10 times, and this slurry was made to react at 80 degrees C by after that. Filtration separated fibril after 
the 2-hour reaction, and it washed with toluene, and dried at 100 degrees C. 
Example 27 Fibril organic-functions-ized with the carboxylic acid (177-041-1) 

since — manufacture of an amide / amine derivative The fibril (0.62 meq/g) which oxidized with the 0.242g 
chlorate in 20ml anhydrous dioxane was made to suspend, stirring in 100ml RB flask equipped with the Ceram 
stopper (serum stopper). N-hydroxysuccinimide (0.299g) with a superfluous 20 time mol was added, and it was 
made to dissolve, this — then, the l-ethyl-2-(3-dimethylaminopropyl) carbodiimide (ED AC) (0.5 lOg) with a 
superfluous 20 time mol was added, and stirring was continued at the room temperature for 2 hours. 
The stop and the supernatant were attracted for stirring, immobilization was washed by anhydrous dioxane and 
MeOH, and it filtered by the 0.45micro polysulfone film next. The solid-state was further washed by MeOH on 
the filter diaphragm, and the vacuum drying was performed until the weight fall was no longer observed. The 
yield of the oxidization fibril activated by NHS was 100% based on observed 6% increase in quantity. 
The ethylenediamine (en) of lOOmicrol was added into the buffer solution of 10ml NaHCOS of 0.2M. The 
acetic acid (HO Ac) of the amount of isochore was added, and pH was maintained about to eight. Oxidization 
fibril activated by NHS while stirring violently (0.3 lOg) 

****** — and it was made to react for 1 hour en of additional SOOmicrol and HO Ac of BOOmicrol were added in 
10 more minutes. The solution was filtered by 0.45micro polysulfone film, and it washed in order by the 
NaHCOS buffer solution, 1% of HCl, DI water, and EtOH. The vacuum drying of the soUd-state was carried out 
ovemight. This HCl salt was returned to the isolation amine by the reaction with NaOH for the further analysis 
and a reaction (177-046-1). 

ESCA was performed in order to quantify the amoxmt of N which exists on this amination fibril (GF/NH2). 
ESCA analysis of 177-046-1 showed N of 0.90 atom % (177-059). Furthermore, in order to generate 
correspondence Schiff base association by the primary-amine radical available in order to investigate the 
amount of which of this N exists as a reactant AKUSESHIBURU radical, gaseous phase reaction with a 
pentafluoro benzaldehyde generated the derivative. ESCA analysis showed F of 0.91 atom % still more as 
expected and 1.68 atom %. This becomes an interpretation that N of 0.34 atom % exists as a reactant primary 
amine on amination fibril (five F per pentafluoro benzaldehyde molecule). It will be expected that the level of N 
of 0.45 atom % takes over a full reaction by the N free end each. The observed level is carrying out the index of 
the very high yield from the reaction of N by the fibril activated by NHS, and is checking the reactivity of an 
available free amine radical. 

in the level of N of 0.34 atom % which exists as a free amine computed from ESCA data, fibril is almost perfect 
by the free amine radical which allows coupling of other ingredients ~ it will be covered. 
Carboxyl fibril was too converted into amino fibril using not ethylenediamine (linker of two carbon) but 1 
which carried out Monod protection, and 6-diaminohexan (linker of six carbon). 

Example 28 From the fibril organic-functions-ized with the carboxylic acid Manufacture of an amine derivative 
The carboxyl group on fibril can be embellished by making the carboxyl group react with one amino group of 
the compound which has two or an amino group beyond it (at least one of them is not protected by radical like 
t-Boc or SBZ). Then, the generated fibril is an amide derivative, amide carbonyl is guided from the fibril 
carbonyl group, and amide nitrogen is permuted by the radical (for example, alkyl group) containing one or the 
primary-amine radical beyond it there. And since these amino groups are use, they are available because of the 
further qualification. 

Ig ceirbon fibril was put in into the dry sintered glass filtration funnel by which the outlet is completely stopped 
by the rubber SERAMU diaphragm, and anhydrous dichloromethane was added and covered. 
N-methyl morpholine (758microL, 7 millimol) was added, and this suspended solid was mixed with the help of 
the knife. And isobutyl chloro formate (915microL, 7 millimol) was added, and 1 hour mixed this suspended 
solid periodically. Mixture was protected from atmospheric moisture with covering of parafilm to the extent that 
it is practical use. 
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N-boc -1 and 6-diaminohexan hydrochloride (1.94g, 7.7 miUimol) were distributed between dichloromethane 
(lOmL) and 1-N NaOH (lOmL) between them. The latter organic phase was dried with anhydrous potassium 
carbonate, and it filtered through disposable Pasteur pipette which has a cotton plug, and N-methyl morpholine 
(758microL, 7 millimol) was added. 

The Ceram diaphragm was removed fi-om the filtration funnel, and filtration under reduced pressxire removed 
the reagent fi-om fibril, and fibril was washed by anhydrous dichloromethane. The Ceram diaphragm was 
attached again and the mixture of N-methyl morpholine and mono-protection diaminohexan was added to fibril. 
1 hour stirred mixture periodically. And filtration removed the reagent and dichloromethane, a methanol, water, 
a methanol, and JIKURO methane washed fibril in order. 

A truffe ROORO acid and 50% mixture of dichloromethane were added to fibril, and mixture was periodically 
agitated for 20 minutes. Filtration removes a solvent and it is dichloromethane, a metiianol, water, and O.IM 
about fibril. KNaOH and water washed in order. 

In order to prove the efficacy of this approach, the small sample of amino fibril weis made to react with the 
horseradish peroxidase (HRP;5mg, pierced earring) which is embellished so that it may react unique with the 
amino group and "which was activated." Fibril was repeatedly washed for several days, keeping it cold 
(suspension, rotation, and centrifugal separation in Eppendorf tubing). After about two weeks, the enzyme was 
authorized by H202-/ABTS in glycine buffer-solution and pH4.4**. Green appeared in the solution within 10 
minutes, and it meant existence of an enzyme. Contrast fibril (COOH fibri it is processed in activity 

HRP and washed during the same period) was hardly shown, even if there was a certain catalj^ic activity. 
Example 29 From the fibril organic- functions-ized with the carboxylic acid Manufacture of a silyl derivative 
The acid organic-functions-ized fibril manufactured like an example 14 was slurred in dioxane in the inert 
atmosphere. Stirring, the chloro triethyl silane of the amount of stoichiometrics was added, and it was made to 
react for 0.5 hours and several drops of 5% solutions of DABCO in dioxane were added after that. This system 
was made to react for further 1 hour, and filtration recovered fibril after that, and it washed in dioxane. Fibril 
was dried at 100 degrees C by 5" vacuum ovemight. 

Manufacture of a second-grade induction object was summarized in Table 5. By ESC A, the product was 

analyzed about the surface content of C, O, N, Si, and F. 

Table V Conclusion of manufacture of a second-grade induction object 

BSCA ^ HSr. m ^% 

5 jTx mrm s c N 0 Si F 

SfegAs - 98.5 — L5 



Jfi^ggii -COOH, C=0, C-OH ~ 92.4 — 7.6 



H8N-C3H4-NHfi -CONHCsHiNHa - 99. 10 0,90 



-C0NHC2H4N=0C6P5 " 97.41 0,91 — — L68 

Example 30 From the fibril organic-functions-ized with the carboxylic acid Manufacture of a silyl derivative 
The acid organic-fimctions-ized fibril manufactured like an example 14 was slurred in dioxane in the inert 
atmosphere. Stirring, the chloro triethyl silane of the amount of stoichiometrics was added, and it was made to 
react for 0.5 hours and several drops of 5% solutions of DABCO in dioxane were added after that. This system 
was made to react for fiirther 1 hour, and filtration recovered fibril after that, and it washed in dioxane. Fibril 
was dried at 100 degrees C by 5" vacuum ovemight. 

Manufacture of a second-grade induction object was sunrunarized in Table 6. ESCA analyzed the product. 
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Analysis checked installation of a predetermined suspension radical. By ESCA, the product was analyzed about 
the surface content of C, O, N, Si, and F. 

Front VI Conclusion of manufacture of a second-grade induction object 

BscA ^ m f % 
K m m T m s c n o si f 



CFaCH20H -COOCH2CF3 NOT ANALYZED 

PolyBG-600 -C0-(0C2H4 0-)H NOT ANALYZED 

HG-C.H4-SH ~C00C2H4SH 
Cl-SlEta -COSlBta 

example 31 From the fibril organic-functions-ized with the carboxylic acid Manufacture of the third and a 
quatemary 2imine derivative the third and a quatemary amine functional group ~ the amine of the carboxyl 
group on a nanotube, the third, or a quatemary amine precursor, or the hydroxyl — it can be made to join 
together on the surface of a carbon nanotube through one of the amides or ester bonds by the radical This the 
third or quatemary amine fibril is effective as MATOKURIKKUSU for chromatographies for separating 
biocatalyst. The third or quatemary amine fibril can be processed into the mat of a disk configuration, or can be 
mixed witti the usual chromatography use medium for separation (for example, agarose). 
Manufacture of a triethyl ethanolamine iodide precursor lOg N,N-diethylethanolamine (85.3 millimol) was 
mixed with the 10ml anhydrous methanol in the 1 00ml roimd bottom flask. And the mixture of a 20g ethyl 
iodide (127.95 millimol) and a 10ml anhydrous methanol was dropped using the pipet. This reaction mixture 
was flowed back for 30 minutes. When a reaction mixture was cooled radiationally to a room temperature, the 
crystalline white product was formed. These white solid-state products were collected by filtration, and the 
anhydrous methanol washed. Furthermore, the product was dried in the desiccator vmder the vacuum overnight. 
33% with yield, the product (10.3g, 37.7 millimol) was obtained. 

Manufacture of the graphite nature fibril organic-fimctions-ized by quatemary amine 25ml WITON (Wheaton) 
disposable scintillation which carried out the vacuum drying In the vial, lOOmg desiccation carboxyl fibril (per 
fibril Ig COOH of about 0.7 millimols) was mixed with 2ml anhydrous dimethylformamide, and this mixture 
was ultrasonicated for 60 seconds. Two moreml dimethylformamide, 39mg dimethyl-aminopyridine (0.316 
millimol), and the diisopropyl carbodiimide (0.316 millimol) of 50microl were added to the reaction vial. This 
reaction mixture was stirred at the room temperature for 1 hour, 88mg triethyl ethanolamine iodide (0.316ml) 
was added to the vial, and it reacted overnight. Deionized water washed the obtained fibril 3 times at 3 times 
and the last 3 times with the 20ml methylene chloride 3 times by 20ml dimethylformamide at the methanol. The 
vacuum drying of the product was carried out. The result firom tiie ultimate analysis of nitrogen showed that 
about 50% of the carboxyl group on fibril had reacted with the first amino group in a quatemary amine 
component. 

Example 32 On quatemary amine organic-fimctions-ized graphite nature fibril Chromatography of bovine 
serum albumin (BSA) The aquosity slurry containing the carboxyl fibril and the 180g SEFEDEKKUSU 
(Sephadex) G-25 super fine resin (Pharmacia (Pharmacia), Sweden, Uppsala **) which were embellished with 
60mg 2-diethylamino ethylamine was left at the room temperature overnight, and perfect hydration of a solid- 
state base material was ensured. The lcmx3.5cm column was filled up with this slurry. The column was made 
the balance by part for 0.2ml/of the 5 rates of flow of the sodium phosphate buffer solution (pH7.3) of mM(s). 
The column was loaded with BSA (inside of 0.6mg and 0.1ml of deionized water). Elution of the column was 
carried out by part for 0.2ml/of the 5 rates of flow of the sodium phosphate of mM(s), and 0.6ml ****** were 
collected. It acted as the monitor of the elution profile using the UV-visible detector, and it was shown in 
drawing 3 . For a column to protein, a detector is IM in the sodium phosphate (pH7.3) of 5mM, when it is 
shown that elution is not carried out any more. Elution of the association BSA was carried out by adding KCl. 
Existence of the protein in each fi-actionation was identified by MAKUIRO BCA assay (a pierced earring, the 
Illinois Rockford **). 
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Example 33 On quaternary amine organic- fixnctions-ized graphite nature fibril Chromatography of bovine 
serum albumin (BSA) The aquosity slurry containing the carboxyl fibril and the 300g SEFEDEKKUSU G-25 
super fine resin which were embellished with lOOmg 2-(2-triethyl aminoethoxy) ethanol was left at the room 
temperature overnight. The colvimn with a diameter of 1cm was filled up with the obtained slurry. The colunm 
was made the balance with the sodium phosphate buffer solution (pH7.3) of 0.1-0.6nil 5mM(s) for /of the rates 
of flow. The colunm was loaded with BSA (in 2.7mg and 0.2ml of deionized water). Elution of the colimm was 
carried out by part for 0.2ml/of the 5 rates of flow of the sodium phosphate of mM(s), and 0.6ml ****** were 
collected. It acted as the monitor of the elution profile using the UV-visible detector ( drawing 4 ). In the 
sodium phosphate buffer solution of 5mM(s), when the detector showed that elution of the protein was not 
carried out fi-om a column, it has already changed the solvent into KCl of IM in the sodiimi phosphate (pH7.3) 
of 5mM(s). Existence of the protein in each firactionation was identified by MAKUIRO BCA assay (a pierced 
earring, the Illinois Rockford **). 

9. Formation of enzyme-organic fimctions of graphite nature carbon Graphite nature carbon, especially carbon 
Biocatalyst can be used for introducing a functional group into the fi-ont face of nanotube **. Until now, 
graphite nature carbon was purely embellished by the chemical means (see the United States patent application 
08th for which it applied on December 8, 1994 / No. 352,400). These chemical approaches are lack (for 
example, oxidation introduces the radical of COOH, and CPH and CHO) of; (1) severe condition (use of 
extreme temperature, extreme activity, or a poisonous chemical) which has the following faults, and (2) 
singularity. The aquosity suspended solid of solid-state graphite nature carbon (for example, carbon fibril; 
hyper-ion company) contains one which can perform the chemical reaction which brings about the graphite 
nature carbon which could receive graphite nature carbon as a substrate, and was embellished chemically, or the 
enzyme beyond it, and is manufactured. An aquosity suspended solid is maintained by conditions (**, such as 
temperature, pH, and salt concentration) permissible in order that enough time amount enzjones (an unit or 
plurality) for an enzyme (an unit or plurality) to embellish the firont face of graphite nature carbon in catalyst 
may react. 

During a reaction, in order to enable an enzyme (an unit or plurality) to approach the fi-ont face of graphite 
nature carbon, continuation mixing of the suspended solid is carried out. After reaction time permissible since a 
reaction advances to a satisfactory degree, an enzyme is removed from carbon by filtration w£ishing. 
today ~ until ~ rcytochrome p450 enzyme with which the enzyme of two types has been used, and a peroxidase 
enzyme. The type of an enzyme is studied enough, and, as for them, both cases permit the substrate of the type 
of aromatic series, and those optimal reaction conditions are studied. ; and hydroxyl with which both of the 
types of an enzyme introduce hydroxyl into those substrates will be introduced in graphite nature carbon. 
Besides the enzyme, other biocatalysts, for example, a ribozyme, and a catalyst-antibody, or the abiosis study- 
mimicry of an enzyme should be able to be designed so that a carbon nanotube may be organic-fimctions-ized 
in catalyst. 

Example 34 Formation of enzyme-organic fimctions which uses a rat hepatic microsome Generally cytochrome 
p450 enzyme is considered to function as an antidote in liver (F. Peter Guengerich, American Scientist, 81,440- 
447 and F.Peter Guengerich, J.Biol.Chem., 266, 10019-10022). 

. They hydroxylate an outpatient department compound like the Pori aromatic series toxicity compound. 
Hydroxylation makes it possible to become water solubility so that these compounds can disappear from the 
body with urine. Many cytochrome p450 various enzymes exist in liver, and it has the substrate specificity from 
which each differs. Since the range of the environmental toxin which requires detoxication is wide, it is thought 
that the singularity of these large range is important. Although each cytochrome p450s is commercially 
available, the information about whether the either receives a carbon nanotube as a substrate is not available. 
This uncertainty, therefore this invention persons decided to incubate together with the rat liver extract which . 
contained first cytochrome p450s when a large number differ a carbon nanotube. 

In order to make the rat (rat "for an experiment") of two bodies induce the manifestation of cytochrome p450 
enzyme, it is FENOBABI tar (1 g/L, pH7.0) in those potable water. 

A medicine was prescribed for the patient for one week. The water which does not contain FENOBABI tar was 
given to another rat ("contrast" rat) of two bodies. And the microsome which contains cytochrome p450s from 
those liver at the sacrifice of a rat with a standardized procedure (it is the following reference 
reference:Methods in Enzymology, Vol, and 206) was prepared. 
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The microsome was mixed with the carbon nanotube (fibril) and cytochrome p450s was made to react with 
graphite nature carbon. In this experiment, the tris of O.IM, NADPH of l.OmM, 0.01% of NaN3, the glucose-6- 
phosphate of lOmM, Glucose-6-phosphate In the solution [ finishing / processing by the buffer ] containing a 
dehydrogenase (one unit / mL) and pH7.4 5mg fibril (both "a plane, i.e., non-organic- fiinctions-ized fibril," and 
"COOH", i.e., oxidization fibril) was mixed with the microsome (microsome of both the object for an 
experiment, and contrast). It is included as a cosubstrate for cytochrome p450s, and NADPH is glucose-6- 
phosphate and glucose-6-phosphate. The dehydrogenase was added in order to reproduce NADP+ to NADPH 
(when NADP+ is generated by cytochrome p450s). Mixture will be rotated at a room temperature in a micro 
centrifiiging tube for about 1 .5 days. Fibril was extensively washed after the incubation by deionized water, HCl 
of IM, NaOH of IM, 0.05% of triton (Triton) X-100, 0.05% of Tween (Tween), the methanol, and NaCl of IM. 
It was shown after washing that the micro BSA assay for protein (pierced earring) seemingly, in addition, has 
protein with which fibril was combined with it (however, protein was not detected by the penetrgint remover). 
In order to measure whether it is that hydroxyl was introduced on the fibril fi"ont face, fibril was made to react 
with an N-FMOC-isoleucine. the fibril (contrast and for an experiment) (1 .5mg of each) of a different batch was 
made to react with 333 microliter of 1 of the FMOC-isoleucine of 4.45 mg/mL, the dimethylamino pyridine 
(DMAP) of 1 .54 mg/mL, and 2.6 mg/mL, and the solution of the desiccation DMF containing 3- 
dicyclohexylcarbodiimide (DCC) (while carrying out continuation rotation) After the reaction for two days, 
DMF, a piperidine, SOTANORU, water, DMF, the methanol, and the methylene chloride (every 600microL) 
washed fibril. This washing sequence was repeated 3 times. For the amino acid analysis about the isoleucine 
which existed, fibril was sent to the Galbraith lab (Galbraith Laboratories) (the Tennessee Knoxville 
(Knoxville) **). Since many other amino acid was seen besides the isoleucine, a result does not clarify, but it 
means that the protein which existed in the rat hepatic microsome extract, a peptide, and amino acid were not 
completely washed fi-om fibril away. Therefore, it was not able to determine whether to have been that the 
technical difficulty in washing and analysis, therefore cytochrome p450s organic-fiinctions-ized fibril. 
Example 35 It is recombination cytochrome p450 available enzyme conMnercially. Organic-fimctions-izing of 
the fibril to be used In order to avoid the impurity relevant to using a rat hepatic microsome as a source for 
cytochrome p450s, each cytochrome p450 enzyme was purchased (a JIEN test (GENTEST), MA state HOBAN 
(Wobum) **). Since cytochrome p450 enzyme is activity in connection with the film, these enzymes are 
supplied as a microsome preparation object. It is :CYP one Al (catalyst #M1 1 lb), CYPl A2 (catalyst #M103c), 
CYP2B6 (catalyst #M1 10a), and CYP3 A4 (catalyst #M107r containing reductase) to which the reaction 
procedure similar to the above-mentioned thing was used, and this invention persons examined the following 
cytochrome p450s. In a reaction solution, it is MgC12 (0.67 mg/mL). 

It ******(ed). In this experiment, fibril was washed with the assistance of Soxhlet equipment. 
The reaction of the fibril which reacted with the cytochrome p450 and was washed, and the coloring reagent 3 
and 5-dinitro benzoic acid (DNBA) performed analysis of the introduced hydroxyl. Coupling went as it was 
explained above about the N-FMOC-isoleucine. DNBA (covalent bond was carried out) which washed fibril by 
DMF after the reaction with DNBA, and remained was hydrolyzed using HCl of 6M or 46 units / Buta liver 
esterase (sigma) of ml. HPLC analysis of the supematant which encloses the fibril after hydrolysis processing 
performed analysis of released DNBA. HPLC analysis of released DNBA — Vydac the line to the acetonitrile 
(solvent B) which is the Waters (Waters) HPLC system equipped with CI 8 opposition analysis column (catalyst 
#218TP54), and contains 0.1% of TFA fi^om the deionized water (solvent A) containing 0.1% of TEA - it 
carried out by being inclination. 

An example 36 Organic-fimctions-izing of the fibril which uses a peroxidase The reference description about 
peroxidase substrate specificity it included that a carbon nanotube might be a substrate for these enzymes (it 
Biochemistr(ies) (1986) J. - S.Dorick et al. -) 25 and 2946-295 l;D.R.Buhler et al., Arch.Biochem.Biophys. 
(1961)92,424-437;H.S.Mason, Advances in Enzymology, 19 (1957), and 79;G.D.Nordblom et al., 
Arch.Biochem.Biophys.(1976)175, 524-533. It is horseradish in the solution (1.25 mL, pH5.0) which contains 
the sodium acetate of 50mM for fibril (1 Img) in order to measure whether a peroxidase (a hydrogen peroxideise. 
Type II, sigma) can introduce hydroxyl on the firont face of fibril. It mixed with the peroxidase (200nM), and 
the first 3 hours of a reaction added the dihydroxy fiimaric acid (1 5mg) by 5mg. The reaction was performed on 
the whole at 4 degrees C for 5 hours, blowing gas oxygen intermittently. Water, 1-N NaOH, the methanol, and 
the methylene chloride (200 mL(s) each) washed fibril after the reaction. The contrast reaction was performed 
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using the peroxidase (it is 5 minutes at 100 degrees C) by which heat inactivation was earned out. 
In order to analyze the magnitude of the hydroxylation of fibril by which the catalyst was carried out by the 
peroxidase, fibril was made to react with t-butyldimethylsilyl chloride (Aldrich) under existence of an imidazole 
in Desiccation DMF. Fibril was sent to the Robertson MIKURORITTO lab (Robertson Microlit Laboratories, 
Inc) (the State Madison ** of NJ) after washing of fibril for the ultimate analysis of the silicon introduced into 
fibril. The result of analysis did not clarify about existence of the silicon on the firont face of fibril. It is thought 
that the silicon from the glassware used for the experiment existed in the small chip in the fibril submitted for 
ultimate analysis. This brought about high silicon level in both the sample for an experiment, and the contrast 
sample, measuring the existence of the hydroxyl with which this invention persons were introduced since it was 
technically difficult although it came out, and he intended to be and it was to which the peroxidase introduced 
hydroxyl into fibril in the conclusion of an experiment was barred. 

10. Electronic affinity object addition on an anoxia fibril front face Or nanotube organic-functions-ized by 
metalization The main products which can be obtained by adding the activated electronic affinity object to an 
anoxia fibril fi-ont face have -COOH [ of sag ], -COCl, -CN, -CH2NH2, -CH20H, -CH2-, halogen, or HC=0. 
These can be converted into a second-grade induction object by the next reaction. : 
Fibril-COOH > ±te#M 

Fibril- COCKS^J^^fb^) + HO-R-Y > F-COO-R-Y 

(Sec, 4/5) 

Fibril-COCl + NH2-R-Y > F-CONH-R-Y 

Fibrll-CN + Hz > F-CHz -NH2 

Fibril-CHE NH^ + HOOC-R-Y > F-CHb NHCO-R 

-Y 

Fibril-CHz NHz + 0=CR-R' Y > F-CHz N-=CR- 

R' -Y 

Fibril-CH2 OH + O (C0R-Y)2 > F-CH2 OCOR- 



Fibrll-CH2 OH + HOOC-R-Y > F-CHe OCOR- 

Y 

Fibril-CH2 -Halogen + Y" > F-CH2 -Y + X" 

Y" =NCO- , -OR- 

Pibril-C = 0 + H2 N-R-Y > F-C = N-R-Y 



1 1 . The DIN DORIMA nature nanotube The concentration of the functional group on the front face of a 
nanotube can be increased by embellishing a nanotube by a series of generations of the polyfunctional reagent 
which brings a result in which the nimiber of unique functional groups increases by each generation, and forms 
Mr. DIN DORIMA's (dendrimer) structure. It is because the obtained DIN DORIMA nature nanotube is 
effective there especially as a solid-state base material for fixing protein by covalent bond, because they make 
the consistency of the protein fixed by the nanotube front face increase. The high density of a chemistry 
functional group with vmique this invention was difficult if a real proof and it carried out that the front face of 
the granular carbon of high surface area could be given with the carbon of the conventional high surface area. 
Example 37 Manufacture of lysine system DIN DORIMA Reaction sequence is shown in drawing 5 . To the 
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suspended solid of the amino fibril (90mg) in sodixim bicarbonate (5ml, 0.2M, pH8.6), they are Na in dioxane 
(5ml), and a NR-G t-boc-L-lysine. N-hydroxysuccinimide The solution of ester (120mg, 0.27 millimol) was 
added. This reaction mixture was stirred at the room temperature overnight. With water, the methanol, and the 
methylene chloride, the lysine fibril protected by tert-butoxycarbonyl was washed completely, and carried out 
the vacuum drying. And the lysine fibril protected by tert-butoxycarbonyl was processed at the room 
temperature with the trifluoroacetic acid (5ml) in a methylene chloride (5ml) for 2 hours. With a methylene 
chloride, a methanol, and water, product amino lysine fibril was washed completely, and carried out the vacuimi 
drying. Manufacture of the lysine fibril of the second and third generations followed the same procedure. As for 
amino-acid-analysis data, the lysine fibril of the first generation contained the lysine of 0.6 micromole per fibril 
Ig, the lysine fibril of the second generation contained 1.8 micromole per fibril Ig, and it was shown that the 
lysine of the third generation has the lysine of 3.6 micromole per fibril Ig. 

Carboxyl The DIN DORIME rucksack Fibril can be manufactured by the same approach by using an aspartic 
acid or a GURITAMIN acid with carboxyl fibril. 

Example 38 Manufacture of carboxylate end DIN DORIMA Carboxylate end DIN DORIMA which has a 
carbon nanotube (CN) core can be serially manufactured by initiation by the NHS ester of the coupling and the 
carbon fibril which oxidized with the chlorate of amino butyl-nitrilotriacetic acid (NT A) for generations. 
Manufacture of NTA NTA was manufactured according to the approach (E. Hochuli, H.Dobeli, and 
A.Scbacher, J. Chromatography, 411, 177-184 (1987), and its contents are incorporated into this application 
specification) of HOCHURI (Hochuli). 

Manufacture of CN/NHS CN/NHS was manufactured according to the approach of an example 20. 
Manufacture of CN/NTA 0.4g NTA-HCl was dissolved into 25ml NaHC03 of 0.2M, and pH8.1 **. In order to 
return pH to 7.8, 1-N NaOH was added. 0.5g CN/NHS is added, and it was made to react for 30 minutes, 
ultrasonicating mixture and stirring tiie obtained slurry, in order to distribute CN. The slurry was filtered on the 
0.45-micrometer nylon film, and the carbonate buffer solution of pH8.1 washed twice with 2 times and DI water 
on the filter, embellished CN is re-suspended twice by sonication in 25ml MeOH — making ~ filtering ~ a 
solid-state — it was made the cake and, finally dried by the vacuum desiccator. 

Manufacture of CN/NTA/NTA CN/NTA was first converted into NHS activity ester. It moved to 100ml RB 
flask which dried 0.386g CN/NTA in 90-degree C oven for 30 minutes, and contained 30ml anhydrous dioxane, 
and was purged with the argon. Stirring, subsequently 0.67g EDC was added and continuation stirring of the 
0.4g N-hydroxysuccinimide was carried out for fiirther 1 hour. CN tended to be condensed mutually inside in 
the meantime. Dioxane was decanted and thrown away and the solid-state was washed twice by 20ml 
anhydrous dioxane. Washing the solid-state by anhydrous [ 20ml / MeOH ], condensation broke in the 
meantime. The solid-state was filtered by the 0.45-micrometer nylon film, and it was made to re-suspend in 
MeOH, and filtered, and MeOH washed on the filter. 

0.2g NTA was put into the 50ml flask, and it dissolved by ten drops of 1-N NaOH. NaHC03 and pH8.1 of 20ml 
9.2M are added, and all CN/NTA/NHS is added, and it is a probe about a solution. It ultrasonicated lightly by 
SONIKETA. Mixture was made to react at a room temperature for 2.5 hours. Embellished CN was filtered by 
the 0.45-micrometer nylon film, and the carbonate buffer solution washed twice, and it was made to re-suspend 
by sonication in DI water, and filtered, and DI water washed. And they were put in into the vacuum desiccator 
and it dried. 

Manufacture of CN/NTA/NTA/NTA NTA of additional level was added according to the above-mentioned 
procedure. 

Manufacture of CN/NTA/NTA/NTA/NTA NTA of additional level was added according to the above- 
mentioned procedure. 

Each sample (about lOmg) of four generations of NTA addition was made to suspend by sonication in 10ml DI 
water, and it filtered by the 0.45-micrometer nylon film, and the felt-like mat was formed. The mat intercept 
was stored into the vacuum desiccator, and ESCA analyzed nitrogen (N), and the relative amount of NTA was 
shown. A result is shown in the following table. 

** Charge N % by ESCA CN/NTA 0 CN/NTA/NTA 1 .45 CN/NTA/NTA/NTA 1 .87 CN/NTA/NTA/NTA/NTA 
2.20 The ESCA result has proved installation of the increasing amoimt by each generation to continue. 
Example 39 Carbon nanotube DIN DORIMA as a protein base material The consistency of the protein fixed on 
the carbon nanotube may increase greatly by using the fibril induction-ized so that DIN DORIMA might be 
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supported. Horseradish The peroxidase (HRP) was fixed on the DIN DORIMA 1 natvire nanotube according to 
the following approach. : It is sodium bicarbonate about plane fibril (0.49mg), amino fibril (0.32mg), the lysine 
fibril (0.82mg) of the first generation, the lysine fibril of the second generation, and the lysine fibril of the third 
generation. It ultrasonicated for 1 5 minutes at the room temperature with the conjugate buffer solution 
(600microl, O.IM, and 0.9% of NaCl are contained). And it is sodium bicarbonate about them. With the HRP 
solution in the conjugate buffer solution (490ml, 5.6mg [/ml ] enzyme stock solution), it incubated at the room 
temperature for 19 hours. It is [ pH / containing :0.9% NaCl which is the following buffer solution (1ml) and 
washed the fibril which fixed HRP / the NaHC03 buffer solution of lOmM(s) and pH9.5 (buffer solution for IX 
washing) ] 3 times at 50% of ethylene glycol in 5 times and the buffer solution for IX washing in 0.1% of triton 
X-100 in 7 times and the buffer solution for IX washing. The activity of HRP is a hydrogen-peroxide solution 
(lOmicrol, lOmM stock solution) and GURISHIJIN. It authorized by 414nm by the 2 in the assay buffer 
solution (50 mM, pH4.4), and 2-horse mackerel novice (3-ethylbenzo thia2;oline)-6-sulfonic-acid . .. 
NIAMMONIUMU salt (ABTS, 3microl, mM stock solution). The result was shown in the next tafcle. : Fibril 
nmol HRP/g, fibril Plane fibril 3.82 Fib-NH2 8.58 Fib-NH-Lys 28.09 Fib-NH-Lys2 (Lys) 28.30 Fib-NH-Lys4 
(Lys) 46.28 12. ~ bifunctional fibril even — the functional group of a type ~ many (for example, a carboxyl 
group and amino group) — introducing into coincidence on fibril By making the organic-functions-ized 
nanotube, for example, a carboxy nanotube, react with amino acid showed that it could do. 
Especially this bifunctional nanotube is the amount of stoichiometries of 1 :1, and can use many molecules for 
making it approach and fixing. 

Example 40 Manufacture Na-CBZ-L-lysine of the bifunctional fibril by addition of a lysine Benzyl 
Composition of ester Reaction sequence is shown in drawing 7 . The NE-(tert-butoxycarbonyl)-L-lysine (2g, 
8.12 millimol) was dissolved into a methanol (40ml) and water (40ml), and pH was adjusted to 8 by 
triethylamine. The solution (2.4g in 20ml, 9.7 millimol) of N-(benzoyloxy carbonyl oxy-) succinitoide in 
diox2ine was added to the above-mentioned mixture, and pH was maintained to 8-9 by triethylamine. The 
reaction mixture was stirred ovemight. a solvent — rotation evaporation — removing — rough ~ the Na-CBZ- 
NE-(tert-butoxycarbonyl)-L-lysine was obtained. The Na-CBZ-NE-(tert-butoxycarbonyl)-L-lysine was 
processed by the sodium carbonate (4ml) of 0.2M, and the aquosity layer was removed, and the white solid- 
state was obtained, a solid-state — N.N-dimethylformamide (40ml) and bromination — it was made to re- 
suspend in benzoyl (1.16ml) The reaction mixture was stirred at the room temperature ovemight. The reaction 
mixture was mixed with ethyl acetate and water, and the organic phase was dried with magnesium sulfate, a 
solvent — removing - rough ~ Na-CBZ-NE-(tert-butoxycarbonyl)-L-lysine Benzyl Silica gel which obtains 
ester and uses 25% hexane in ethyl acetate by making it into a solvent The chromatography refined. Na-CBZ- 
NE-(tert-butoxycarbonyl)-L-lysine in a methylene chloride (10ml) Benzyl Trifluoroacetic acid was added to 
ester (Ig, 2.2 millimol) at 0 degree C. The reaction mixture was stirred at 0 degree C for 10 minutes, and it 
stirred at the room temperature for further 2.5 hours. The solvent was removed and the rough product was 
obtained. It is a pure Na-CBZ-L-lysine by the silica gel chromatography. Benzyl Ester was obtained. 
Na-CBZ-L-lysine Benzyl Ester Composition of fibril To the suspended solid of the carbonyl fibril (300mg) in a 
methylene chloride (18ml), it is a Na-CBZ-L-lysine. Benzyl Ester (inside of the triethylamine of 148mg, 0.32 
millimol, a 20ml methylene chloride, and 176microl) was added. And HOBT (43. 3g, 0.32 millimol) and EDC 
(63.3mg, 0) 

32 millimols were added. The reaction mixture was stirred at the room temperature ovemight, and the rough 
product was obtained. A methanol, a methylene chloride, and water washed product fibril on a large scale, and 
the vacuum drying was carried out. 

FunctionaHty fibril Composition of Fib-Lys (COOH) NH2 Na-CBZ-L-lysine in a methanol (4ml) Benzyl Ester 
The sodium hydroxide (IN, 4ml) was added to fibril (1 13mg), and the reaction mixture was stirred ovemight. 
Water and a methanol washed product Na-CBZ-L-lysine fibril on a large scale, and the vacuum drying of the 
fibril was carried out. Trimethylsilyl iodide (1ml) was added to the suspended solid of the Na-CBZ-L-lysine 
fibril (50mg) in aceto NITORINI (4ml). Mixture was stirred at 40 degrees C for 3 hours. Water, a methanol, 
0.5-N hydroxylation thorium, the acetonitrile, and the methylene chloride washed the last bifunctional fibril on 
a large scale. Analysis of amino acid showed the lysine of 0.3 micromole per fibril Ig. 

The bifunctional fibril of the hydroxyl and carboxyl (or amino) can be manufactured by the approach similar to 
having indicated here by using a serine, a threonine, or thiosin. The bifunctional fibril of thiol-izing and 
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carboxyl (or amino) can be manufactured using a cysteine. The bifiinctional fibril of carboxyl and amino can be 
manufactured using an aspartic acid or glutamic acid. 

Application of the organic-functions-ized nanotube The organic-functions-ized graphite nature nanotube is 
[ whenever / high pore ] useful as chemical and a solid-state base material [ in / by physical stability and high 
surface area / many biotechnology fields ]. The thing with severe them which it is compatibility and is very 
been easy to receive chemical organic-fimctions-ization in chemical and thermal processing became clear. 
For example, an enzyme can be fixed by covalent bond on the embellished nanotube, maintaining the biological 
activity. Moreover, the nanotube also fits the application as a base material for affinity chromatography in 
separation of a living thing molecule. For example, since enzyme inhibitor was prepared on the nanotube in 
multistage story composition, the fixed inhibitor was able to approach the macromolecule and reversible unique 
biological recognition took place between protein and qualification fibril. 

The hydrophobicity on the front face of a nanotube is not enough to fix proteinic high density by adsorption. In 
order to make the hydrophobicity on the front face of a nanotube increase, and in order to extend a hydrophobic 
environment to three dimensions from two dimensions, the nanotube front face was made to carry out coupling 
of the alkyl chain of various die length. A trypsin, alkaline phosphatase, lipase, and avidin are contained in the 
protein fixed by adsorption on the alkyl nanotube. The enzyme activity of the these-fixed protein was equal to 
the thing of a free enzyme, and it was proved with the catalyst effectiveness which goes to hydrolysis of those 
substrates in the inside of a water solution. 

In addition, the phenyl-alkyl nanotube which is an alkyl nanotube which has addition of a phenyl group at the " 
end of an alkyl chain was also manufactured. This qualification introduced the aromatic series structure which 
interacts with the amino acid phenylalanine in protein, a thyrosin, and a tryptophan through a pi-pi interaction. 
Adsorption of the alkaline phosphatase to a phenyl-alkyl nanotube top and lipase was equal to adsorption of a 
up to [ a C8-alkyl nanotube ]. 

It became clear that the organic-functions-ized fibril is also effective as a solid-state base material for protein 
synthesis. 

1. About Nanotube lOMg Carboxyl Fibril (it Contains about 0.007 Millimols of -COOH Radicals (-COOH/Mg 
Fibril of Fibril X0.7 lOMg Millimol = 0.007 Millimol)) Organic-Functions-Ized as a Solid-state Base Material 
for Enzyme, it is EDA (l-Ethyl-3- (3-Dimethylaminopropyl)) of 0.14 Millimol. Example 41 Manufacture of 
Fixed Alkyl Fibril of Enzyme by Adsorption 

Alkyl fibril was manufactured by using DMAP (4-dimethylaminopyridine) of a carbodiimide and 0.14 
millimols, and making it react with the alkylamine of 0.14 millimols in 1.5ml DMF (N.N-dimethylformamide). 
The chemical reaction is as follows. : 

Fibril-COOH + NH2(CH2)n CHa R (R = H or OH) > 

Fibril-CONH (CH2)n CH2 R 

the alkyl fibril from which some which have the alkyl chain (the case of n= 5, 7 and 9, and 17;n=5 — R ~ OH) 
of different die length with this procedxire differ was manufactured. 

After stirring the system of reaction at a room temperature overnight, 3x25ml CH2C12 and 3x25ml MeOH, and 
3x25ml dH20 washed fibril violently. The elemental analysis about the nitrogen content in fibril showed that 
the yield of a reaction was 65 - 100%. 

Adsorption of an enzyme Enzyme lipase, a trypsin, alkaline phosphatase, and avidin were fixed by adsorption 
on the alkyl fibril of this example. Sodixmi phosphate of 5mM after mixing an enzyme with an alkyl 
phthalocyanine at a room temperature for 3 to 4 hours (pH7) 

It washed 2 to 4 times by 1). On C6-, C8-, C10-, and C18-fibril,; lipase was fixed on C80H-, C8-, C10-, and 
C18-fibril, and; and avidin were fixed for; trypsin by which alkaline phosphatase was fixed on C8-fibril and 
C80H-fibril at the C8-fibril top. 
The result is shown in the next table. : 
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uml/g y ^-f^)A/ 


fflg/g 7 >f :/ y ;!/ 




6. 8 


8 1 6 




1. 7 


4 0 




0. 6 6 


5 6 




not determined 



It became clear that it wa s equal to it of a free enzyme as the reaction rate property of immobilized enzyme is 



shown in the next table. : 



(M) 



4 0X10 



3 6X10 



-6 



L 2 X 1 0 



7. 9 X 1 0^^ 



0, 0 4 0 



0. 0 4 8 



4. 8 



1 9. 1 



Kcat /K. (M » s 



0. 9 9 X 1 0 ' 



1. 3 4 X 1 0 



4. 1 7 X 1 0 



2. 4 3 X 1 0 



Substrate: Lipase 1 2-0-dilauryl-rac-glycero-3-glutaric acid REZORU fin ester Trypsin N-NEIRU-L-arginine- 
p-nitroanilide Example 42 Esterification in which the catalyst was carried out by fibril-lipase (composition of 
ethyl butylate) 

Lipase was fixed on C8-alkyl fibril according to the procedure of an example 41. Lipase fibril was first washed 
by dioxane, and the mixture of dioxane and a heptane washed, and in order to distribute fibril in a heptane, 
finally it washed by the heptane. In order to compound ethyl butylate (food additive which gives the scent of a 
pineapple-banana), ethanol (0.4M) and butanoic acid (0.25M) were mixed in the heptane containing 6.2- 
micrometer fibril fixed lipase. 

The reaction mixture was stirred at the room temperature. Yield was 60% in 7 hoiirs. It was measured by 
measuring the ethanol concentration in a reaction mixture using the established approach. The reaction and the 
result are shown in drawing 8 . 

Example 43 Phenyl-alkyl On fibril Fixed phenyl-alkyl of alkaline phosphatase Manufacture of fibril It is 
phenyl-alkyl by the two different systems of reaction. Fibril was manufactured. The reaction 1 mixed 20mg 
carboxyl fibril (-COOH radical of about 0.014 millimols is contained) with DMAP (4-dimethylaminopyridine) 
of EDC of 4-phenyl butylamine of 0.28 millimols in 1.5ml DMF (N.N-dimethylformamide), and 0.28 millimol, 
and 0.28 millimols. The reaction 2 mixed 20mg carboxyl fibril with DOC (1, 3-dicyclohexylcarbodiimide) of 
KISANORU and 0.28 millimol, and DMAP of 0.28 millimols to 6-phenyl-l- of 0.28 millimols in 1.5ml DMF. 
The reaction was performed stirring at a room temperature overnight. And 3x25ml CH2C12 and 3x25ml MeOH, 
and 3x25ml dH20 washed fibril violently. 

Manufacture of the fibril which fixed alkyl nature phosphatase 0.5mg phenyl-alkyl Fibril was made to suspend 
in the tris of 0.05M of 400microl (pH8.6), and it ultrasonicated for 20 minutes. The solution (they are 1 .67mg 
[ ml ] /and pH7,0 in the sodium phosphate buffer solution of 5mM) of the alkaline phosphatase of 150microl 
was added to these fibrils, mixture was rotated at the room temperature for 2 hours, and it stored at 4 degrees C 
ovemight. And the sodium phosphate buffer solution of 5mM(s) of 600microl (pH7.1) washed fibril twice, and 
it was made to suspend in the same buffer solution of 200microl. 

Quantum of the unique fixed alkaline phosphatase by measurement of catalytic activity Alkaline phosphatase 
emits the coloring compound which reacts with substrate p-nitrophenyl phosphate and absorbs 405nm light with 
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the absorbancy index of 1 8,200M-lcm-l . Assay for this reaction Buffer conditions were the tris of lOmM(s), 
ZnC12 of MgCl 2 and 0. IM of ImM, and pH=8.4. A reaction is the stock solution (0.5M in 33% of DMSO in an 
assay buffer) of p-nitrophenyl phosphate of Smicrol, and alkaline phosphatase of 13microg in a 1ml ASSE 
buffer in a 1ml shallow pot. It carried out by mixing fibril. Increment with an absorbance of 405nm It acted as 
the monitor with the time scan between parts. And enzyme activity (a part for muM/) was computed from initial 
inclination using absorbancy-index 18200M-lcm-l. 

About the alkaline phosphatase which adsorbed on the phenyl fibril from a reaction 1 , activity was a part for 
6.95microM/per fibril of 13microg. About the alkaline phosphatase which adsorbed on the phenyl fibril from a 
reaction 2, activity was a part for 2.58microM/per fibril of 13microg. By **(ing) activity of the alkaline 
phosphatase of the known concentration measured as it is a part for 879.8microM/per alkaline phosphatase of 
ImicroM under the same assay conditions, these results were converted per fibril Ig and into alkaline 
phosphatase [ activity / micromole / (or 20mg) / 0.63 micromole (or 54mg) and / 0.23 ], respectively. 
Example 44 Manufacture of the fibril which fixed the fixed lipase of the lipase to a phenyl alkyl fibril top 0.5mg 
phenyl-alkyl Fibril was made to suspend in the sodium phosphate buffer solution of 5mM(s) of SOmicrol 
(pH7.1), and it ultrasonicated for 20 minutes. The lipase solution (5 2.5 in the sodium phosphate buffer solution 
of mM mM(s), pH7. 1) of 350microl was added to these fibrils, mixture was rotated at the room temperature for 
5 hours, and it stored at 4 degrees C overnight. And the sodium phosphate buffer solution of 5mM(s) of 
600microl (pH7.1) washed fibril 3 times,, and it was made to suspend in the s a me buffer solu tion of 200microl. 
Quantum of the imique fixed lipase by measurement of catalytic activity Lipase is a substrate 1 and 2-o. - It is a 
dilaxuyl-rac-glycero-3-glutaric-acid-REZORU fin. The coloring compound which reacts with ester (Boehringer 
Mannheim, 1 179943), and absorbs 572nm light with the absorbancy index of 60,000M-lcm-l is emitted. Assay 
for this reaction Buffer conditions were KH2P04 of O.IM, and pH=6.8. A reaction is the substrate stock 
solution (7.6mM(s) in 50% dioxane in Thesit) of 5microl, and alkaline phosphatase of 13microg in a 1ml ASSE 
buffer in a 1ml shallow pot. It carried out by mixing fibril. It acted as the monitor of the increment with an 
absorbance of 572nm with the time scan over for 10 minutes. And enzyme activity (a part for muM/) was 
computed from initial inclination using absorbancy-index 60,000M-lcm-l . 

About the lipase by which it adsorbed on the phenyl fibril from the reaction I of an example 43, activity was a 
part for 0.078microM/per fibril of 13microg. About the lipase by which it adsorbed on the phenyl fibril from the 
reaction 2 of an example 43, activity was a part for 0.054microM/per fibril of 13microg. By **(ing) activity of 
the lipase of the known concentration measured as it is a part for 1 ,3microM/per alkaline phosphatase of 
ImicroM under the same assay conditions, these results were converted per fibril Ig and into lipase [ activity / 
micromole / (or 396mg) / 4.7 micromole (or 564mg) and / 3.3 ], respectively. 

Example 45 On amino alkyl qualification fibril Horseradish Manufacture of the fibril (carboxyl fibril) organic- 
functions-ized with the fixed carboxylic acid of a peroxidase (HRP) It moved to the reaction flask which slurred 
by mixing lO.Og graph eight nature fibril by the spatula in the concentrated sulfuric acid of 450mL(s), and was 
equipped with input/tap hole, and the overhead location agitator. NaClOS with an amount [ of loading ] of 8.68g 
was added little by little over 24 hours under the argon style of ******** at the room temperature, stirring. The 
sweep of the chlorine steam generated in all the processes of an experiment was carried out from the reactor, 
and it was driven in into the NaOH water-solution trap. At the last of an experiment, the vacuxmi filtration was 
poured and carried out on the ice which broke the fibril slurry, and a filter ~ it washed, having moved the cake 
to the Soxhlet extraction thimble, and exchanging for new water every several hours by deionized water in a 
Soxhlet extractor. Washing was continued until it stopped having changed pH of water, when the sample of 
fibril was added to new deionized water. And filtration recovered cull PEKISHIRU-ized fibril and it dried at 
100 degrees C by 5" vacuum overnight. Yield was 10. Og. 

Manufacture of the fibril which fixed HRP The amino fibril (1.2mg) manufactured from 1 and 6-diaminohexan 
using the approach of an example 27 was added to the conjugate buffer (O.IM NaHC03, 0.9% NaCl, pH9.5), 
and this suspended solid was ultrasonicated for 20 minutes. And the conjugate buffer washed fibril twice in 
Eppendorf tubing, and it was made to suspend in the conjugate buffer of 400microL. 50microL aliquot (0.1 4mg 
fibril) of a suspended solid was mixed with the 4.0mg activation HRP (a pierced earring, IL state Rockford ♦*) 
dissolved into the deionized water of 50microL, and the obtained suspended solid was rotated at 4 degrees C 
ovemight. 

rconjugate buffer which washed the fibril by which conjugate was carried out in HRP on large-scale with the 
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combination of the following solution in the Eppendorf centrifiiging tube, the washing buffer solution 
(KH2P04 of 20mM, 0.45% NaCl, pH6.2), the washing buffer solution containing 0.03 - 0.1% of triton X-100, 
and the washing buffer solution containing 50% of ethylene glycol. When the same MANIPURJESHON 
including Activation HRP was carried out with plane (formation of unguided object) fibril as contrast, it was 
shown that association of HRP to amino fibril was actually unique covalent bond. 

Quantum of the unique inmiobilization HRP by measurement of catalytic activity Large-scale washing removed 
most enzymes which carried out un-unique association. The fixed activity HRP was quantified by the turnover 
of a hydrogen peroxide, and the quality 2 of a coloring matter germ and the substrate which uses 2 -AJINO- 
screw (3 -ethyl bends thiazoline-6-sulfonic acid) 2 ammonium salt (ABTS). MONI [ whenever / catalytic 
activity / of HRP / spectrometry ] in 414nm using the hydrogen peroxide of lOOmicroM, and ABTS of 
30microM as a substrate. The whole quantity of the enzyme combined with amino fibril in these preliminary 
researches was HRP of 0.0230micromol per fibril Ig. Compared with this, HRP of 0.0048micromol per fibril 
Ig combined contrast (plane fibril) with non-****. When it subtracted, the amount of HRP (unique association 
was carried out) was 0.0182micromol per fibril Ig in covalent bond. 

Example 46 On the fibril which supports the fixed enzyme inhibitor Alkaline phosphatase (AP) and beta- 
galactosidase (betaG) Manufacture of the separation alkaline phosphatase inhibitor fibril by affinity 
chromatography Manufacture of the fibril embellished with AP -inhibitor was based on Brenner's and others 

(Brenne) approach (Brenna et al., (1 975), Biochem. J., 1 5 1 :29 1 -296). . _ _ 

Carboxylation fibril was used, and as indicated in the above-mentioned example 50, NHS ester fibril was 
manufactured. The acetone of 4mL(s) was made to suspend NHS ester fibril (1 14mg), and (based on 
presumption with the NHS ester of 0.7meq(s) per fibril Ig) lOEq tyramine (tyramine) was added. Desiccation 
triethylamine (lOEq) was added and mixture was stirred at the room temperature for 3 hours. With the acetone, 
deionized water washed CHIRAMI nil fibril on a large scale fi"om it first under the vacuum in the filtration 
fimnel of sintered glass. 

4 -(p-amino phenylazo)- Phenylarsonic acid (66mg) was made to suspend in 1-N HCl of 4mL(s). The 
suspended solid was cooled at 4 degrees C, and it mixed with NaN02 of 0.5M of 0.36mL(s) slowly. Arsonic 
acid / NaN02 mixture was added to the CHIRAMI nil fibril suspended in NaC03 (pHlO.O) of 0.1 M of lOmL 
after 15 minutes. The reaction mixture (pH-10) was stirred at 4 degrees C overnight. And fibril was processed 
by continuation washing by water until the guanidine hydrochloride of Na2COs 3 (pHlO.O) and 8M of O.IM, 
NaOH of 25mM, and effluent became transparence. The Galbraith lab (the State knock building of TN) 
performed element absorption spectrometry about the arsenic in AP inhibitor fibril. As for AP inhibitor fibril 
containing the side chain containing arsenic 1 atom, it became clear by atomic absorption analysis that the 
content of a certain arsenic was 0.4%. This means that about 10% of the initial COOH radical presumed was 
converted into AP inhibitor in this multistage story composition. If based on the surface area of fibril, this 
means what one inhibitor molecule (enzyme joint site) probably exists for every 500 square angstrom of surface 
areas. 

Manufacture of beta-galactosidase inhibitor fibril p-amino-phenyl-beta-D-thio galactosidase (TPEG) induction 
fibril was manufactured based on Ulhnan's approach (UUman, Gene (1984), 29:27-31). TPEG of 2.24mg ** 
was added to the 8mg cull BOKIRU-ized fibril in the deionized water of 0.2mL. It is HCl of O.IM about pH of 
suspension, and is 4. 

It adjusted to 0 and 15mg EDAC was added. With pH4.0, mixture was stirred at the room temperature for 3 
hours. The reaction was suspended according to the rapid centrifiigal separation in the inside of Eppendorf 
tubing, and the liquid was removed. The re-suspension and centrifiigal separation to the inside of deionized 
water washed beta-galactosidase inhibitor fibril 5 times. 

Affinity chromatography alkaline phosphatase (AP), (the sigma chemical company (Sigma Chemical Co.) fi-om 
Escherichia coli (E. Coli, Type III) and MO state St. Louis), and beta-galactosidase (betaG) (fi"om Escherichia 
coli (E. Coli) to rib OKEMU (Calbiochem)) 

The mixture of CA state RAJORA is Eppendorf. In the micro centrifiiging tube, it was separated by batch 
relation on either AP inhibitor fibril or betaG inhibitor fibril, loading which contains both AP (generally about 
10 \mits) and betaG (generally about 280 units) for affinity separation solution l.OmL of a buffer (20mM tris, 
MgCl of lOmM, NaCl of 1 .6M, the cysteine of lOmM, pH7.4) - AP of 0.8-11. . 0 mg, or betaG - it added to 
one of inhibitor fibrils. The obtained suspended solid was stirred quietly and it was made to rotate at a room 
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temperature for 2 hours. After enzyme association, fibril is settled according to easy centrifugal separation with 
a desk centrifugal separation vessel, and the liquid phase containing an uncombined enzyme is pulled out, and it 
sets for the reason of enzyme assay. Loading Washing by the buffer (7x1 .OmL) 

It comes **, buffer addition, and among quiet, and mixes, and they are the hold for 15 minutes, easy centrifugal 
separation, and Pasteur. The repeat of the solvent recovery by the pipet performed. They are betaG inhibitor 
fibril (the sodium borate of lOOmM, the cysteine of lOmM, the cysteine of lOmM, pHlO.O), or AP inhibitor 
fibril (NaHP04 of 40mM, tris of lOmM, MgCl 2 and 0 of 1 .OmM) about the MANIPURESHON same after 7 
times washing. 

It carried out repeatedly with ZnC12 of ImM, and the suitable elution buffer solution for pH 8.4 either 
(5x1. OmL). 

AH fractionation (an xmcombined enzyme, a penetrant remover, and eluate) was authorized about the activity of 
AP and betaG both. Alkaline phosphatase activity was measured by supervising the hydrolysis rate of the p- 
nitroglycerine-phenyl phosphate (PNPP) of SOOmicroM by spectrometry in 410nm (deltaepsilon=18,000M- 
lcm-1). Alkaline phosphatase activity measurement was performed in lOmM tris, MgC12 of 1 .OmM and ZnC12 
of O.lmM(s), and pH8.4**. The beta-galactosidase was authorized by supervising the capacity of the enzyme 
which hydrolyzes 2-nitroglycerine-GARAKUTO-beta-D-pyranoside (ONPG) by spectrometry. The initial 
velocity of the hydrolysis by which the catalyst was carried out by the beta-galactosidase of ONPG of 5.0mM(s) 
was measured by 405nni (deltaepsilon=3500M-lcm-l) in lOmM tris, NaCl pf_MgCl 2_and L6_M of lOmM, the. 
cysteine of 1 OmM, and pH7.4. 

AP inhibitor fibril and betaG inhibitor fibril — either added the mixture of AP and betaG. In order to make 
measurement of unique joint capacity easy, the concentration of an additive enzyme was in the excess with big 
solid state inhibitor concentration. In AP inhibitor fibril, AP of g per 0.550micromol of fibril joined together 
(un-xmique association of betaG is g per 0.020micromol of fibril to this). In betaG inhibitor fibril, capacity was 
measured as it is betaG of g per 0.093micromol of fibril (un-unique association of AP is g per 0.012micromol of 
fibril to this). The result of an affinity chromatography experiment is shown in drawing 9 and drawing 10 . AP 
inhibitor fibril did not combine betaG with the forge fire which can be evaluated, however especially when the 
phosphate of 40mM(s) and competitive inhibitor ** were added by the buffer, elution of this which combined 
AP was carried out ( drawing 9 ). The fibril guided by betaG did not combine a substantial quantity of AP, 
however in order to weaken the tie-up of enzyme inhibitor, especially when pH was made high, elution of this 
which combined betaG was carried out ( drawing 10 ). These results show that covalent bond of the inhibitor 
was well carried out to fibril, that the fixed inhibitor could approach the big molecule, that the inhibitor was 
available for imique enzyme association, and that an enzyme continues being activity when it elutes especially. 
It seems that there is continuation extraction of betaG from betaG inhibitor fibril in drawing 10 . Seemingly, 
this will be rather rather than the fault of fibril as a result of a natural weak enzyme-inhibitor affinity, since the 
phenomenon same in drawing 9 by AP inhibitor fibril is not seen. 

2. Organic-functions-ized nanotube as solid-state base material of antibody It became clear that an antibody's 
being fixable on the organic-functions-ized nanotube and this antibody nanotube had the high surface area per 
those weight, electrical conductivity, and a chemical and peculiar advantage for much application with physical 
stability. For example, an antibody nanotube can be used as an affinity reagent of **** of molecule separation. 
The antibody nanotube is effective again including immunoassay for medical examination like ECL system 
immunoassay also because of analytic application. 

an antibody — covalent bond or a noncovalent bond — either can be fixed. 

Covalent-bond immobilization was returned with the reactant amination of the carboxylate radical of; antibody 
performed by various approaches, NHS ester activation (see the above-mentioned example 27) of carboxylation 
fibril and thiol-ized fibril, or maleimide fibril, or a reaction (an above-mentioned example 23 and 25 reference) 
with the antibody by which maleimide qualification was carried out is mentioned. 

It depends for the best approach for making an antibody adhere to a nanotube on the application for which they 
should be used. It is because it is thought for separation that a desirable approach is adsorption of a noncovalent 
bond because is the highest in order for the capacity of protein association to be this approach, for ttie approach 
of including ECL for which the electrical conductivity of fibril may be important, the covalent-bond approach is 
desirable — will come out and I will be (an alkyl addition product is weak ~ electric — it is expectable to be a 
conductor and to insulate fibril). Because reducibility amination is seemingly ttie best approach for carrying out 
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covalent bond of the antibody to fibril, it is because orientation of the antibody is correctly carried out so that 
those joint sites may turn to an outside (far from fibril) by using this approach. 

3. Addition of NAD+ to organic-functions-ized nanotube Cofactor like NAD+ is added to the solid-state base 
material for the living body vmique affinity chromatography of the protein combined with enzyme cofactor, and 
can be used as a solid-state base material. For example, NAD+ fibril is used as a solid-state base material for 
purification of a dehydrogenase. The main advantages which use fibril are the surface areas which can approach 
those big amounts. The affinity matrix which has high surface area is desirable because [ potential capacity ] it 
is high. Whichever is sufficient in whether fibril is a loose distributed object or to be fixed a column or in the 
shape of a mat. 

Example 47 Dehydrogenase on NAD+ fibril Manufacture of the separation NAD+ fibril by affinity 
chromatography Fibril was oxidized in order to introduce hydroxyl according to examples 14 and 15. To the 
suspended solid of the fibril (31mg) in a sodium bicarbonate solution (3ml, 0.2M, pH8.6), it is N6-[amino 
hexyl] carbamoyl methyl-nicotinamide. Adenine Dinucleotide The inside of acquisition and a 5ml sodium 
bicarbonate solution was added fi-om the lithium salt solution (25mg) sigma. The reaction mixture was stirred at 
the room temperature overnight. Water, N.N-dimethylformamide, and a methanol washed product fibril on a 
large scale. As for ultimate analysis data, product fibril showed the NAD molecule of g per 130 millimols of 
fibril, and that the NAD molecule of g per 147 millimols of fibril was contained by phosphorus analysis by 
nitrogen analysis. The NAD+ analog of others which have the linker which carries out an end halt in the amino 
group can be used for manufacturing NAD+ fibril. 

Affinity separation NAD+ fixed fibril (0.26mg) and plane fibril (0.37mg) were ultrasonicated for 30 minutes at 
40 degrees C together with 0.1% of polyethylene glycol (PEG, MWIOOO) in sodium phosphate (1ml, O.IM, 
pH7.1), and it incubated for 30 minutes at 40 degrees C. Centrifugal separation of the fibril suspended solid was 
carried out, and the supernatant was removed. About fibril, it is L-lactate. It incubated for 90 minutes at 4 
degrees C together with the mixture in 0.1% of PEG (1000) sodium phosphate buffer solution (the ratio of 
250microl, an LDH solution, and 0.1% of PEG buffer solution is 1 :1) of a dehydrogenase (LDH). And mixture 
was equilibrated for 30 minutes at the room temperature. After the incubation with LDH of fibril, 0.1% of PEG 
(1000) in the sodium phosphate buffer solution washed fibril (5xl000microl), and the rotation for 15 minutes 
was adopted for every washing. Elution of LDH was carried out by NaDH of 5mM(s) in 0.1% of PEG (1000) 
sodixmi phosphate buffer solution (5mM, 3xl000microl). During each elution washing, fibril was rotated for 15 
minutes. The LDH activity in an eluate was authorized by measuring the absorbance change in 340nm imder 
reduction of a pill pinic acid salt. Assay mixture contained 0.1% of PEG (1000), the pyruvate (3.3micro, 
lOOmM stock solution), and each elution fi-action (16.7microl) in the sodixmi phosphate buffer solution 
(980microl). An enzyme reaction is shown as follows. : 

LDH 

tVK-h + NADH > ^i^^-h fhVziYi—if 

+ NAD^ 



For a result, the capacity of LDH on NAD+ fixed fibril is 484 nanomoles per fibril, and it was shown that the 
capacity of LDH on plane fibril (contrast) is 3.68 nanomoles per fibril. Un-unique association of LDH was 
5.6%. 

4. As Solid-state Base Material for Protein Synthesis Organic-Functions-Ized Nanotube Example 48 As a solid- 
state base material for protein synthesis Foxir in the organic-fimctions-ized nanotube amino fibril (400mg) and a 
methylene chloride (20ml) -(hydroxymethyl)- Phenoxyacetic acid suspended solid (255mg) The l-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide (EDC, 268mg, 1 .40 millimol) and the 1 -hydroxy benzotriazol hydrate 
(HOBT, 189mg, 1.4 millimol) were added to mixture with 1.4 millimols. The reaction mixture was stirred at the 
room temperature under argon gas ovemight. A methylene chloride, a methanol, and water washed product 
fibril on a grand scale, and it dried under the vacuum, and fibril was obtained. N-(9-FlJNIORE nil 
methoxycarbonyl)-0-butyl-L-serine (215mg, 0.56 millimol), 1, and 3-dicyclohexylcarbodiimide (DCC, 1 15mg, 
0.56 millimol) and 4-dimethylaminopyridine (DMAP, 3.4mg, 0.028 millimol) were added to the suspended 
solid of the fibril in N.N-dimefliylformamide (DMF, 2ml) and a methylene chloride (8ml). The reaction mixture 
was stirred at the room temperature ovemight, and product fibril was washed by 20% piperidine in DMF 
(5x40ml, each time 1 minute inmiersion). And DMF, water, the sodium hydroxide (IN), the methanol, and the 
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methylene chloride washed product fibril on a grand scale. Product Fibril-handle-serine (0+)-COOH (a 
ninhydrin trial is +) 

The vacuum drying was carried out. For dipeptide composition, the arginine was added using the same 
procedure. As for the amino-acid-analysis data of a fibril-handle serine (0+)-arginine (NE-2, 2, 5 and 7, 8- 
pentamethyl chroman-6-sulfonyl), it is shown that it contains the serine which is the g per 6.5micro mol of 
fibril, and the arginine of the g per 7.6micro mol of fibril. Every peptide of other can be manufactured by the 
same approach. 

5. the biotin-ized fibril — and — Biotin-ized alkyl fibril a fibril front face — biotin-izing (biotinylation) — or it 
can organic-fimctions-ize by alkylation and biotin-ization. The fibril containing this qualification is all 
streptoavidin like the streptoavidin bead from it, or a streptoavidin enzyme. A KONJU gated image substrate is 
combinable. 

Fibril presents the big surface area, therefore the big advantage as a solid support. The bead which can also be 
built to ferromagnetism is very effective in separation assay. The biotin-ized fibril explained here combines the 
advantage of both fibril and a bead. Although biotin-ized alkyl fibril is expansion of the same concept, the 
protein absorption property of an addition of alkyl fibril is shown. 

The fibril covered with streptoavidin - and biotin - is applicable to medical examination, and can be used as a 
capture agent for the assays like electrochemical luminescence assay. 

The new description of this invention is to create bifunctional fibril combining two solid supports to one fibril. 
Furthermore, the indicated approach increases the surface area for a bead, and strengthens magiietizafion of 
fibril. 

Example 49 Manufacture of biotin-ized fibril Biotin-ized fibril was manufactured by mixing the NHS ester 
long-chain biotin (amino fibril 2.4mg manufactured as indicated in the example 16, and 9mg) in the NaHC03 
buffer solution of 0.2M of pH of 8.15, It was made to rotate at a room temperature for 4 hours, and the same 
buffer solution washed mixture twice. 

Example 50 Manufacture of biotin-ized alkyl fibril Biotin-ized alkyl fibril was manufactured by two staircase 
reactions. On the first stage story, 4.25mg bifunctional fibril (both amino and carboxyl are contained) and a 
25mg NHS ester long-chain biotin were mixed. The vacuum drying of the fibril was washed and carried out. 
The second reaction was performed by mixing the biotin-ized 4mg bifimctional fibril with NH2(CH2)7CH3 of 
lOmicrol in 1 Img an EDC (1 -ethyl -3, 3-dimethylaminopropyl) carbodiimide, 7.5mg DMAP (4- 
dimethylaminopyridine), and 0.5ml DMF. Mixture was stirred at the room temperature overnight. A methylene 
chloride, a methanol, and deionized water washed the biotin-ized last alkyl fibril. 

Example 51 Biotin-ized fibril as a solid-state base material of assay Biotin-ized fibril can be used for the assay 
which includes the format which needs the interaction of a streptoavidin-biotin or an avidin-biotin. Biotin-ized 
fibril was able to be further derivatized by streptoavidin. The biotin (example 50 reference) which carried out 
covalent bond to fibril was able to form tiie interaction of streptoavidin and a strong noncovalent bond. 
Probably, the streptoavidin combined with biotin-ized fibril almost certainly had the joint site which is not 
occupied [ which can combine biotin-ized another reagent ], since streptoavidin was tetramer nature protein 
which has 4Eq of joint sites. Therefore, probably, biotin-ized fibril was converted into streptoavidin covering 
fibril. 

Many assays which can be performed using this fibril-biotin-streptoavidin (FBS) base material exist, for 
example, the biotin-ized anti-ANARAITO antibody was able to be captured on the FBS base material (after the 
front stirrup by which an antibody is compound-ized to ANARAITO (analyte) was carried out — either). The 
biotin-ized anti-ANARAITO antibody is fiiUy established, as this assay — Seki ~ the contention assay with 
which prudent ANARAITO competes with indicator ANARAITO about association to an anti-ANARAITO 
antibody is included. From the antibody solidified by fibril, isolation (uncombined) ANARAITO and isolation 
(uncombined) indicator ANARAITO can be washed. It depends for a weishing process on the fibril which 
includes **** in centrifugal separation, filtration, or suction to a magnet and which is usually physically 
separated from a solution phase by the technique of operation. 

Besides contention assay, sandwiches mold immunoassay has carried out on the FBS base material. Sandwiches 
immunoassay is fully known for the field of medical examination. ; "Lord" antibody is captured on a solid-state 
front face by carrying out an indicator by the biotin by this assay including ANARAITO combined with 
coincidence by two antibodies, and it is "the second", [ of ** the first ] [ the ] 
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Although an antibody is not captured by the solid-state front face, the indicator of it is carried out by the 
receptor radical, this sandwiches assay is captured like a publication of fibril in the preceding paragraph by it as 
a solid-state capture base material using fibril — it was able to come out and carry out. 
Therefore, the main antibody which fibril was already combined with the biotin by covalent bond, and the 
biotin was combined with streptoavidin in this assay, and changed streptoavidin, was combined with the biotin- 
ized main antibody, and was biotin-ized will be combined with ANARAITO (if it exists), it was combined with 
the second antibody by which the indicator was carried out, and there will be ANARAITO. 
Similarly, DNA probe assay was able to be carried out using the FBS base material. The biotin-ized single 
stranded DNA can be combined with a FBS base material, and contention hybridization can take place between 
a complementarity single strand ANARAITO DNA molecule and a complementarity indicator oligonucleotide. 
It can be used for another biotin-ized fibril of a type, biotin-ized alkylation fibril, **********^ ^j^^ DNA probe 
assay. When a biotin carries out covalent-bond Perilla fiutescens (L.) Britton var. crispa (Thimb.) Decne. to the 
fimctional group of one type and an alkyl chain carries out covalent bond to the fimctional group of another 
type, bifimctional fibril can be embellished as indicated by the example 51. The obtained fibril which is 
alkylated and is biotin-ized attains to a unique meeting with streptoavidin or avidin (alkyl chain), and is 
applicable to proteinic adsorption at both (biotin). 

Even if alkyl fibril combined with other solid-state base materials, for example, a streptoavidin covering 
magnetism bead, it has been used. One advantage of the fibril on this bead is_ having far high swface area (per 
unit weight). Therefore, if fibril can adhere to the outside surface of a magnetic bead, this will improve the 
surface area, therefore joint capacity of a bead dramatically. It is possible that alkylation biotin-ized fibril 
produces the fibril covering bead which can be mixed with a streptoavidin covering bead, consequently follows 
the interaction which is the streptoavidin (bead)-biotin (fibril) of a high affinity, and has very hi^ siwface area. 
Since alkyl fibril combined protein by adsorption, the fibril covering bead was able to be fiirther derivatized by 
the adsorbed protein which includes streptoavidin and an antibody. The fibril covered with streptoavidin or an 
antibody is applicable to immunoassay and DNA probe assay as above-mentioned. Therefore, the fibril 
covering bead was able to improve the property of a bead by increasing the surface area dramatically so that 
only few beads may be needed by giving the same result in the given assay. 

6. Three-dimensional structure Oxidization fibril is distributed in an aquosity medium more easily than non- 
oxidizing fibril. The stable porous three-dimensional structure object which is at least in inside, thru/or has large 
pore (> 2nm pore) is very effective as a catalyst or a base material for chromatographies. Since fibril can be 
distributed on the individualized standard, the ofl:en distributed sample which is stabilized by the crosslinking 
bond makes possible here where this base material is constituted. It is because as for the organic-functions-ized 
fibril they are easily distributed in aquosity or a polar medium and a fimctional group offers a crosslinking bond 
point ideally because of this application. In addition, a fimctional group offers the point which supports a 
catalyst site or a chromatography site. The result of the last is the hard three-dimensional structure which can 
come to hand with a fimctionality site for the total surface area to support an activator. 
The typical application for these base materials in a catalyst includes the use as a porous base material in the 
altitude of a metal catalyst built by sinking in, for example, noble-metals hydrogenation catalyst, and ** sake. 
Furthermore, the capacity to the base material through the fimctional group combined with whenever [ very 
high pore / of the structure ] which fixes a molecule-like catalyst as tie, stop and be alike makes it possible to 
perform a homogeneity reaction by the heterogeneous method. Then, in the continuation liquid phase similar to 
a homogeneity reactor, the molecule-like catalyst connected and stopped is essentially in a suspension 
condition, and enables use advantageous to selectivity and a rate along with a homogeneity reaction. However, 
if tied and stopped to the solid-state base material, in the case of an activator many, easy separation and 
recovery of very expensive catalyst ** will be enabled. 

Hard structure also makes it possible henceforth to perform an asymmetric synthesis or a very difficult reaction 
like affinity chromatography by these stability by making the enantiomer catalyst or selectivity substrate for 
which are suitable adhere to a base material. METARO - The derivatization which lets a Pc or METARO- 
porphyrin complex pass expects further recovery of the ligand combined with the metal ion, and a certain 
molecule combined with a ligand through a second-grade induction object again. For example, the three- 
dimensional structure of the organic- fimctions-ized fibril is the part of an electrode or an electrode, and the 
electrochemical oxidation from Co (II) to Co (III) vmder existence of a nicotinic acid will generate Co(III)- 
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pyridyl complex of the non-instability which has a carboxylic acid as a suspension radical, when organic- 
functions-ization arises from adsorption of Co(II) Pc. 

If association of a suitable antigen, an antibody, a catalyst nature antibody, or other site singularity trapping 
agents is not so, it will make possible preferential segregation (affinity chromatography) of the molecule which 
is very hard to attain. In order to remove an occulded substance, after washing an electrode, Co (III) complex 
containing a target molecule can be retumed electrochemically, and instability Co (II) complexes can be 
collected, and the ligand on Co (II) containing a target molecule — the mass action permutation of an instability 
Co (II) ligand — recoverable — it — or [ otherwise, / that execution is very difficult ] — or the molecule (for 
example, chiral drugs) attached highly 
****** or recovery is performed. 

It was thought that the pore inside the organic-functions-ized carbon fibril mat was not effective before as flow 
which is too small, and does not allow significant flow, therefore passes along an electrode. Moreover, the 
problem relevant to use of the particle-like carbon as an electrode material or other carbon system ingredients 
(for example, reticulated-ized amorphous carbon (Reticulated Vitreous Carbon) (RVC)) also existed, for 
example, a porous electrode material cannot be generated on that spot, but it is filled up with it very densely — 
having tj^g opening and the slot were formed, and it was exposed to dimension instability 

between change of a solvent or flow conditions, and formation of a very thin electrode was impossible. This 
problem was solved when the organic-fiinctions-ized carbon fibril was used as an electrode of a flow cell. 
Reforming of the organic-fiinctions-ized carbon fibril which is used as an electrode of a flow cell can be carried 
out by the surface treatment by the electro activator. Or fibril carries out an operation of a catalyst or an 
electrode catalyst, reforming of it can be carried out also with the ingredient which is not the electro activity 
which serves to control the reaction or adsorption which the quality of a Flo secret intention does not desire. 
Such flow which lets an electrode pass is effective in an electro chromatography, the affinity chromatography 
modulated electrochemically, electro composition, or separation technology like the ion exchange 
chromatography modulated electrochemically. 

They can be used also for the diagnostic equipment which separates and/or analyzes the matter caught on the 
carbon fibril mat. 

The compound mat which consisted of the fibers or granular objects of carbon fibril and others which were 
organic-functions-ized can also be used. These fibers or a granular object can be added to a suspended solid, in 
order to change whenever [ pore / of the last of a carbon fibril mat ], or, electric conductivity. 
Example 52 Iron phthalocyanine organic-functions-ized fibril Application as an electrode of a flow cell 
Graphite nature fibril was reformed by meiking an iron (III) phthalocyanine-screw-pyridine (FePc-2Py) (Aldrich 
41,016-0) adsorb. 0.403g fibril and O.lSOg FePc-2Py are added to 150ml dehydrated ethanol, and it is 450W. 
Branson It processed with the probe ultrasonic device for 5 minutes. The obtained slurry was filtered and rinsed 
with the 0.45-micrometer MSI nylon filter by the 47nun Millipore film vacuum filter manifold, and it dried in 
vacuxmi oven 35 degrees C overnight. A final mass is 0.528g and it expressed substantial adsorption. The 
spectral analysis of filtrate explained FePc-2Py which remains. 

5mg FePc-2Py qualification fibril was distributed with the ultrasonic device in 10ml deionized water. The 
distributed object was made to deposit on the network screen of the stainless steel of 200 meshes of one sheet 
(SS) held in the 25mm millipore filter manifold, and it dried at the room temperature. The diameter 0 of the 
fibril mat supported on SS screen 
The 5 inches disk was cut off using arch punch. 

An electrochemistry flow cell from the Sweeney (Swinney) type film filter holder of 13mm plastics It is the 
network (400 meshes) of the gold of a disk with a diameter of 1 3mm on the film base material. Ladd Industries 
is placed. And the screen It was constituted by making the platinum wire insulated with the Teflon (trademeirk) 
heat-shrinkable tubing sent through the wall of a filter holder for external connection as a working electrode of 
3 electrode potentiostat circuit contact electrically. The golden network was fixed around the outside edge on 
that occasion using a small amount of epoxy. It connected with the platinum lead wire which put the piece of 
gold foil into the shape of a ring, and the part of the lower stream of a river of the bottom of a filter holder, and 
was insulated as a counterelectrode of 3 electrode potentiostat circuit for connection. The ring of a silver wire 
with a diameter of 0.5mm which oxidized electrochemically in HCl of IM was put into the upper part of a filter 
holder with the lead insulated as a reference electrode for connection. 
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A disk with a diameter [ of CN embellished with FePc-2Py ] of 0.5 inches is put in into a flow cell, and it is 
EG&G. It connected with the suitable lead of PAR273 potentiostat. The flow cell was connected to the SAGE 
(Sage) SHIRINGU pump filled up with KCl of 0.1 M in the O.IM potassium phosphate buffer solution of pH7.0. 
The cyclic voltamogram (valve flow coefficient) was recorded under the no flow (quiescence) and the flow (a 
part for 0.4-mil/) with 20mv(s)/the electrical-potential-difference scan speed of a second (refer to drawing 6 ). 
Even if valve flow coefficient has a flow and there is not, it is almost the same, and the wave of two continuous 
reversible oxidation which is not contradictory to the front face containing FePc-2Py, and reduction was shown. 
It is proved [ durability / of the redox peak under fluid flow conditions ] that FePc-2Py*s having joined to carbon 
fibril together strongly and iron phthalocyanine qualification fibril fiiUy act as a flow through electrode material. 

Another example of the three-dimensional structure is a fibril-ceramic ingredient. 

Example 53 Manufacture of an alumina-fibril constituent (185-02-01) Altitude was made to distribute the fibril 
(185-01-02) which oxidized with the Ig nitric acid in 100 cc deionized water using U/S JISUINTE grader. The 
solution of 0.04-mol aluminum tributoxide which heated this fibril slurry at 90 degrees C, and dissolved into 20 
cc propanol was added slowly. Reflux was continued for 4 hours, the condensator was removed after that, and 
alcohol was flown. The condensator was retumed after 30 minutes and the slurry was flowed back at 100 
degrees C ovemight. The black sol which has a uniform appearance was obtained. This sol was cooled to the 
room temperature and-the black gel which has a smooth front face after one. week was_formed. This gel v/as 
heated at 300 degrees C in air for 12 hours. 

This alumina-fibril complex was examined by SEM, The microphotography on the front face of a crack showed 
homogeneity distribution of the fibril in gel. 

Example 54 Manufacture of a silica-fibril constituent (173-85-03) Altitude was made to distribute the fibril 
(173-83-03) which oxidized with the 2g nitric acid in 200 cc ethanol using sonication. The solution of a 0.1 -mol 
tetra-ethoxy silane which dissolved into 50 cc ethanol was added to this slurry at the room temperature, and 
three cc concentrated hydrochloric acid was added to it after that. This mixture was heated at 85 degrees C, and 
it maintained at that temperature, and capacity was decreased to 100 cc. Mixture w£is cooled and left and black 
solid-state gel was generated. This gel was heated at 300 degrees C in air. 

This silica-fibril complex was examined by SEM. The microphotography on the front face of a crack showed 
homogeneity distribution of the fibril in gel. 

Even if it has other ceramics, for example, zirconia, titanias, rare earth oxides, and temary acid ghosts, a similar 
preparation object can be manufactured. 

7. Installation of graphite nature nanotube to polymer bead top It has the application of a large number in the 
thing and ****** which were manufactured by a polymer bead, especially the magnetic polymer bead 
containing 30Fe4 core, for example, dynal, (Dynal), and others. However, these beads are troubled to have low 
surface area compared with an available thing from a nanotube. The organic-fimctions-ized fibril can be 
introduced on the front face of a bead, and it makes it possible to use a polymer / fibril complex as a solid-state 
base material of separation or an analysis application (for example, immobilization of electrochemical 
luminescence assay and an enzyme). 

Example 55 Adhesion of organic-fimctions-ized fibril in an organic-fimctions-ized bead DIN A bead M-450 
(30mg/(ml)) with a magnetism of 7.5mg by which tosyl activation was carried out 

a bead (dynal, Oslo ** of way Norian) — the sodium phosphate buffer solution of O.IM, and pH7.5 — it came 
out and washed 3 times. And the 0.9ml sodium phosphate buffer solution of O.IM and pH8.4 were applied to 
the bead, and 0.1ml amine fibril was added. Mixture was rotated at the room temperature for 16 to 24 hours. 
When it observed with the microphotography, the lump of fibril which has a bead on the front face of fibril was 
clear. 

obtaining as illustrated by the above explanation and the example, this invention has various formulas with a 
large nanotube, and the application in the application. 

the vocabulary and expression which are used eliminate a certain equal object of the description which is used 
as an expression of description, is not used as an expression of limitation, and is shown as the part and 
described in use of this vocabulary or an expression — not meaning — various modification within the limits of 
the thought of this invention — possible **♦***-. things are recognized. 
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* NOTICES * 

JPO and NCZPZ are not responsible £or any 
damages caused by the use of this . translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 5] 
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[Drawing 71 
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N-O-C(O) OCHgPh + HOOCCH(NH2)CH2CH2CH2CH2NHBOC (CHaCHgjaN ^ 

Dioxane / CH3OH / HgO 



0.2 M/PhChtgBr 

HOCX:CH(NHCa2)CH2CH2CH2CH2NHBOG ^ PhCH200CX:H(NHCB2)CH2CH2CH2CH2NHBOC 



TPA-CH2CI2 

^ PhCH200CCH{NHCB2)CH2CH2CH2CH2NH2 



EDC / HOST 

Fib-COOH + PhCH200CCH(NHCB2)CH2CH2CH2CH2NH2 



FibC(0)NHCH2CH2CH2Ch^CH(NHCBZ)C(0)OCI-i2Ph- 



FibC{0)NHCH2CH2CH2CH2CH(IMH2)C(0)OH 



CH2CI2 

TFA>CH2C<2 TMSi-CHaCN 



[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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